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PREFACE 


In 1936 ,1 h^A to find! 2. subject for the pitsidentml to the 

Zoology Section of the British Association. After some hesitAcionp 
I chose *'Nitiiral Selection 2nd Evoludonaiy Progress”^ since it 
seemed to me that these were two intenckced topics of fimda^ 
mental biological importanccp yet on which much misappte- 
hensian existed. Even among professional zoologists the modem 
conception of natural selection and its mode of operation is quite 
different from that of Efarwin's day, but much of the research 
on which the dbangicd outlook is based is so recent that the rtew 
ideas have not spread, far. The idea of evolutionary progress, on 
the other handp has been undeservedly neglectctL Thus it seemed 
to me valuabk to attempt to give a broad account of the two 
concepts and their relation to each other. 

The result exceeded my cxpcctatiom. So many of my col¬ 
leagues expressed interest and the wish that the address might 
be available in more extended and more permanent form, that 
I decided to essay expanding it into a book. 

The result is the present volume, I am fully conscious of its 
limitations and impcrfcctionSp but I believe that it will serve a 
xisefu! purpose. The writing of it has so much darifted my own 
thinkings and the discussion of the problems that arose with 
colleagues has resulted in so many ideas and points of view which 
were novel both to them and to myself* that 1 am cncouragicd 
to believe it will be of general service. I also feel sure that a 
classification and analysis of evolutionary rrends and processes as 
observed or deduced in natorc, and the attempted relation of 
them to the ftndings of genetics and systematics, is of first-class 
importanoc for any unified biological outlook; and since others 
better equipped dun I seem reluctant to attempt the cask, 1 have 
tried my hand at it. 

I owe a great deal toj. B. S. Haldaiic''s Tlte Ciiwscs Euoluthni 
but though our books ovcrlapt they differ considerably in scope 
and creatmidc. Dobahartsky Waddingtoii s, and Goldschmidt's 
valuable and distinctive boob did not appear until much of the 
present volume was already in proof; but I have tried to take 
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advantage of them whejfc possibk. My debt to R. A. Fisher s 
work is obvious. Fisher has radicaUy trajisformed our outlcMsk on 
the subject, notably by pointing ont how die effect of a mutation 
can be altered by new combinations and muratiom of other 
genes. Any oiiginality which this book may possess lies pardy 
in its attempt log to generalize this idea sdll ftirther^ by stressing 
the fact that a study of the effects of genes duiing ckvelopmcut is 
as essendal for an understanding of evolution as ate the study ot 
muEation and that of selection. I may also claim that taxonomic 
data have not previously been analysed on so large a scale in the 
light of modern generic and evoludonary views. Equally ob^nous 
is my debt to ibc Morgan school and to Goldschmidt; but clearly 
this would apply to any modern book dealing with evoludcn. 

I have taken for granted in my reader an acquaintance wich the 
basic principles of Mendclkn heredity and the major groups of 
the animal kingdom. With tlus equipment, the layman interested 
in biology will, I hope, find die book suited to his needs, though 
I hope thac it will appeal mainly to professional biologists 
interested in the more general aspects of the ir subjects. 

I would like to record my special gratitude to Mr, E. B. Fordp 
of Oxfordp who has mad the booh in typescript* and with whom 
I have discussed all the genetic problems involved: he has been 
fertile in suggestion and prodigal of assistance. To Professor 
L, T. HogbcTiK r owe several valuable suggestions on the 
evolution of species, I should also like to thank Professor R. A^ 
Fisher^ Professor H. J* Midler, Dr. C. D. Darlingion. 

r.it.s.. Professor Hale Carpenter, Dr. W. B, TurriUp and Mr. Moy 
Thomas for help and advice; and particularly Mr. James Fisher 
for valuable assistance in revising the book for pres. 

The rime is ripe for a rapid advance in our understanding ol 
evolution. Generics, developmental physiology'* ecology* system^ 
arieSp paleontology, cytology, madicmiricd analpisp have .all 
provided new facts or new tools of research: the need to-day h 
for concerted attack and synthesis, if this book contributes to 
such a synthetic point of view* I shall be well content. 

THE ZOOLOt^ECAL SOCIETY, LONDON 

Afarch if42 
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THE THEORY OF NATURAL SELECTION 

l* Tbc theory of lutun] xketion ^ ^ . p. i% 

2r The odiurc of vimdoo . . . . ^ . . . p. ^7 
j. llic cdip4f i)f Daiwmi$^ ^ 22 


I* THE THEORY OF HATtmAL SELECTIOM 

Evolution nuy by claim to be considered the most central and 
the most important of the problems of biology. For an attack 
upon it we need facts and methods from every branch of the 
science—ecology, generics^ paleontology, geographical distri- 
biidoit. embryology^ systematics, comparative anatomy—not to 
nicndon rebiforcements from other disdplmes such as geology, 
geography, and mathemadcs. 

Biology at the prtscnit dme is embarking upon a phase of 
synthesis after a period in which new disciplines were taken up 
in turn and worked out iit compaiadve isobdon. Nowhere is this 
movement towards unificadon more likely to be valuable than 
m dtU many'^ided topic ofevoludon ; and already we are seeing 
the first-fruits in the re-animadon of Darwiiiisin- 

By Darwinism I imply that blend of indticdon and deduction 
wliich Darwin was the first to apply to the study of cyoludon:^ 
He was concerned both to establish the fact of cvoludoi\ and to 
discover die mechanism by which it operated ^ and it was precisely 
because he attacked both aspects of the problem sitnuitaneously, 
that he was so sucecssfuL* On the one band he amassed enormous 
ejuanddes of facts from which mductions concerning the evolu- 
donary process could be drawn^ and on the ocher, starting from 
a few general principles, he deduced die further principle of 
natural selection, 

* Tlus method is not, u bu somcCuEKi beta aacrteiL ? drcul^r ^rgimiftic. 
Sec diseussion iu Husky, 
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Ic i$ an well CO remember die scroag deductive element in 
Darwinism^ Darwin ba^d his theory of matuia] selection on three 
observabk facts of narure and two ckductiom from them. The 
first fact is the tendency of all organmm to iticrcase in a geo- 
meizical ratio. The tendency of all organisms to increase is doe 
to the that ofispiing^ in the early stages of their existence^ axe 
always more numerous than their parciits; this holds good whether 
reproduction is sexual or asexual^ by fission or by buddings by 
means of seeds, spores, or eggs * The second &ct is thatt in spite 
of this tendency to progressive increase, the numbers of a given 
spedcs actually remain more or less constant. 

The first deduction follows. From these two facts he deduced 
the struggle for cxistenoe. For since more young are produced 
than can survive, there must be competition for survivaL In 
amplifying his theory, be extended the concept of the struggle 
for existence to cover leproductioiL The struggle is in point of 
fact for survival of the stock; if its survival is aided hy greater 
fertility, an earlier brooding season, or other reproductive function, 
these should be included under the same head. 

Darwm s third fact of nature was vartarion: all organisms vary 
ippredafaly. And the second and final deduction, which he 
deduced from the first deduction and the third fact, was Natural 
Selection. Since there is a struggle for existence among indi¬ 
viduals, and since these individuaU arc not all alike, some of the 
variations among them will be advantageous in the struggle for 
survival, others uDfavontablc. Consequently, a higher proportion 
of individuals with ^vourablc variations will on the average 
survive, a higher proportion of these with unfavourabic vari¬ 
ations wiU die or fail to reproduce themselves. And since a great 
deal of variation is transmitted by heredity, clwsc effects of 
differential survival wiU in large measure accumubtc fiom 
generation to generation. Thus natural selection will act con¬ 
stantly to improve and to niaintain the adjuscmctit of animals 
and plants to their surroundings and their way of life. 

A few comnienu on these points in the light of the historical 

* The oidy excepti^,» u 1 am ivvajc^ iito be fouiid in CFit^i hujuau 
|va|mbt|oAs which lall ihemt of repbdnt; tbein^rlvcjL 
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development of biology since Darwm*s day will darify both his 
sutepoent of the theory and the modem posidon in icgaid to it* 

His first fact has remained unquesdoneiL All organisms possess 
the potentiality of geometric increase. We had better perhaps say 
ificrrdsr ^fgeomttric fype* since the ratio of oli&priiig to parents may 
vary considerably fi-om place to placCp and from season to season. 
In ^ cases» however, the tendency or potentiality is not merely 
to a progressive increase, but to a mnltiplicattve and not to an 
additive increase* 

Ecjualty imqncsdoired is his second fact, the general con sun ty 
of numbers of any spcdcs. As he himself was careful to point out, 
the constancy is only approximate. At any one time, there will 
always be some ^cies that are increasing in their timnbcrs^ 
others that arc decreasing. But even when a species is increasing, 
the actual increase is never as great as the potential: some young 
will fail to survive, Againr with our much greater knowledge 
of ecology, we know to-day that many spcdcs undergo cydical 
and often remarkably regular fiuctuations, frequently of very 
large extent, in their numbers (see p. no Ebon. 19-7)- this 
tact, although it has certain interesting evolutionary consequences* 
docs not invalidate the gaicral prinriplc. 

The first two facts being accepted, the deduction from them 
also holds: a struggle for existence, or better, a struggk for 
survival, must occur. 

The difficulties of the further bases of the theory arc greater* 
and it is here that the major critidsms have fcUen* In the first 
place, Darwin assumed that the bulk of variations were inherit¬ 
able, He expressly suted chat any which were not inhcriublc 
would be irrelevant to the discussion; but he continued in the 
assumption that chose which arc inheritable provide an adequate 
reservoir of potential improvement.* 

As Haldane (193a, p. 107) has pointed out, the decreased 
interest in England in plane-breeding, caused by the repeal of the 

* Origin p/ SptiUs {6th cd„ on* voL ed.. p. rf: . any vamtion which ii 
Boe mbaited if imimpoiunc for us. But the nuiuber and divenity of uibcritahLe 
deviuimif of itructuir, both those of *J%hi and dwK of cwiKijcnble phyiU> 
logical iraportaticcH endless. No bMcdcr douto how Mtong u the teodency 
Do mberoance: iliat like producs like ii hit foruLimeiaal belief." And so ou. 
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Com Lawit hd Darrin to lA^ mo$t of his evidence from 
amfml-bitcdtrs. This was much more cbscuic than whac the 
planc-bFccdcrs in France had obtained: in fact Vilmorin, before 
Darwin wrote, had fhlly established the roles of heritable and 
pon-hcritablc variatiDii in wheat. 

Thus in DarwinV dme, and sdll piorc in England than in 
France, the subjea of inheritance was sdll very o^ure. In any 
cast the basic laws of heredity, or^ as wt should now say, the 
principles of g€ncdcs» had not yet emerged. In a full formulation 
of the ^eory of Natural Selection, we should have to add a 
further fact and a further deduedon. We should begin, as he did, 
with the fact of variation^ and deduce from it and our previous 
deduction of the struggle for existence that there must be a 
di^er^tuml suri^wd of different types of offspring in each genera¬ 
tion. Wc should then proceed to the fact of inheritanor. Some 
variation is inherited; and that fraction will be available for ti^ns- 
mission to later generations. Thus our final deduction is that the 
result wiU be a differential uansnii^ion of inherited vaiiadon. 
The term Natural Selection is thus seen to have two rather 
different tneanings. In a broad sense it covers all cases of differ¬ 
ential survival: but from the evolutionary point of view it covers 
only the diffcrendal transmission of inheritable vamtinm. 

Mendclian analysis has revealed the further fact, unsuspected 
by Darwin, that recombination of existing genetic units may 
both produce and modify new inheritable variations. And chis^ 
as w'c shall see later, has important evclurionary consequences. 

Although both the principk of differential survival and that of 
its evolutionary accumulatioii by Natural Selection were for 
Darwin essentially deductions, it is important to tcaliic that, if 
true, they are also facts of nature capable of verification by observ¬ 
ation and experiment. And in point of fact differential mortalit}^ 
differential survival, and differential multiplication among 
variants of die same species are now known in ntntierous cases. 

The criticism, hovsever, was early niade diac a great deal of 
the mortahty found in nature appeared to be accidental and non- 
selective. This would hold for the destruction of the great 
majority of eggs and latvac of prolific marii^c ajiimals^ or the 
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dtMth of steds which fell on stony ground or other unsuitable 
habitats. It remains true that we requite Jiany mote quantitative 
experiments on the subject before we can know accurately the 
extent of non-seketive eiitninadoiL Even a t'ery large percentage 
etfsuch elimination, however, in no way invalidates the selection 
principle from holding for the remaining fraction (see p, 467). 
The very fart that it is artidental and non-selcctive ensures that 
the residue shall be a random sample, and will therefore contain 
any variation of selective value in the same proportions as the 
whole population. It is, I think, fair to say that the fact of differ- 
cndal survival of different variations is generally accepted, 
although it still requires much clarification, espcdaliy on the 
quantitative side. In other words, natural selection within the 
bonnds of the single generation is an active factor in biology. 

2. THE NATUEE OF VAWATION 

The really important criticisms have fallen upon Natural Selection 
as an evolutionary principle, and have centred round the nature 
of inheritable variation. 

Darwin, though his views on the subject did not temain 
constant, was always inclined to allow some weight to Lamarckian 
principles, according to which the cfiwts of use and disuse and 
of environmental influences were supposed to be in some degree 
inherited. However, later work has steadily reduced the scope 
that can be allowed to such agencies: Weismann drew a sharp 
distinction between soma and germplasm, between the individual 
body which was not concerned in ceproductiQn, and the heredi¬ 
tary constitution contained in the germ-cdls, which alone was 
trammitted in heredity. Purely somatic eflccts, according to him, 
could not be passed on; the sole inheritable variations were 
variations in the hereditary constitution. 

Although the distinction between soma and germplasm is not 
always so sharp as Weismann supposed, and although the principle 
□f Baldwin and Lloyd Nlorgan, usually cal led Organic Selecnon, 
shows how Lamarckism may be simulated by the later replace 
menC of adaptive modifications by adaptive mutations, "W^eis- 
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mJimV concepdons resulted in a great ckrificadon of tlic position. 
li is owing to him that we co-^y cLsdfy variatioiis into two 
tuxidamcntally distinct categories—modifications and mutations 
(together with new axrangemcnts of mutadons, or nreombina- 
dom; see below* zo). Modificanons arc produced by altera- 
dons in the cnvironmicnc (including niodificadoos of the internal 
cnvironiticnt such as arc brought about by use and disuse)^ 
mutations by alteradons in the substance of the bertditary 
constitution. The distmedon may be put in a tacher dificrent but 
perhaps more illuminaring way. Variation is a study of the differ¬ 
ences between organisms. On analysis, these differences may turn 
out to be due to differences in environment (as with an cdolatcd 
plant growing in a cellar as against a green one m lig^ic; or a sun¬ 
tanned sailor as against a pale slum-dweller) j or they may turn 
out to be due to difterenoes in hereditary consdtudon (as betw-cen 
an albino and a green seedling in the same plot, or a negro and 
a white man in the same city)” or of course to a simultaneous 
difference both in oivironment and in consdtudon (as with, the 
difference in stature between an undemotimhcd pigmy and a 
uell-uourisbcd negro). Further more, only rlicsccoi:J are iiilu’nrcd. 
We speak of them as gpicdc diffbraiccs : at their first origin 
they appear to be due to mutadons in the hereditary constitution. 
The former we call modificadons. and arc nor inheritable. 

The Unpoitant fact is that only experiment can decide between 
the two. Both in nature and in the laboratory, one of two mdi^ 
tin^^hablc variants may turn out to be due to environment* the 
other to generic pcculiarityp A pairicular shade of human com¬ 
plexion may he due to genetic consdtudon making for fair 
complexion plus considerable exposure to the sun» or to a generic- 
ally dark complexion plus very Utde tanning: and similarly foe 
stature, intelUgencc, and many other characters. 

This leads to a further inaportant conclusion: characters as 
such axe not and cannot be inherited. For a character is always the 
joint product of a particular generic composirion and a particiilar 
set of environmental circumscanceSi Some characters are much 
more stable in regard to the normal range of environmental 
variarion than arc others—for instance^ human eye-colour or 
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hair-form as againsr skin-coloitr or weight. But these too arc in 
prindple similar. Alter the cnvironmaxt of the embryo suflidcmlyp 
and eyeless monsters with markedly changed brain-dcvclopment 
are produced. 

In the early days of Mendelian rcscardi, phrases such as ^^in 
fowls, the character rose-comb is inherited as a Mendelian 
dominant” were cuiTCnt+ So long as such phrases are recogidzcd. 
as mere convenient shorthand^ they are harmless; but when they 
are taken to imply the actual genedc transmission of the characterSi 
they are wholly incorrect. 

Even as shotthand^ they may misleatl To say that rose-comb 
is inherited as a dominant, even if wc know that we mean the 
genetic factor for ros<s<omb, is likely to kad to what 1 may call 
the one^o-onc or billiard-ball view of genetics^ There are assumed 
to be a large number of characters in the organism^ each one 
represented in a more or less invariable way by a particular factor 
or gene, or a combination of a few factors. This crude particulate 
view b a mere rtstatemenr of the preform ation theory of develop¬ 
ment: granted the rose-comb factor, the rose-comb charucteri 
nice and dear-cut, will always appear. The rostxomh factor, ic is 
true, is not regarded as a sub-microscopic replica of the actual 
rose-comb* but is taken to repitscnc it by some form of unmalysed 
but bevitablc correspondence. 

The fallacy ~m this view is again revealed by the use of the 
difierence method. In asserting that rose-comb is a dominant 
character, we are merely stating in a too abbreviated form the 
results of experiments to determine what constitutes the difference 
between fow^ls with rose-combs and fowb with single combs^ 
In reality, what is inherited as a Mendelian dominant is the gene 
in the rose-combed stock wliicb differentiates it from the single^ 
combed stock: vire have no right to assert anything more as a 
result of our experiments than the existence of such a differencial 
factor. 

Actually^ every character is dependent on a very large number 
(possibly ail) the genes in ihe hereditary constitution: but 
son^e of these genes exert marked differential effects upon the 
visible appearance. Both rose- and single-comb fowU contain all 
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the genes needed to build up a full-sized comb: but * rose*‘ genes 
build it up according to one giowth-patcem, “single'' genes 
according to another. 

This ptindpie is of great importance. For instance, up till very 
recently the chief data in human genetics have been pedigrees of 
abnormalities or diseases collect^ by medical men And in 
collecting these data, medical men have usually been 
with the implicadoiis of the ideas of “character-inheritance'*. 
When the character has not appeared in orthodox and cla s^ t ra l 
Mendclian fashion they have tended to dismiss it with some such 
phrase as “uiheritance irregular*', whereas further analysis might 
have shown a perfeedy normal inheritanee of the gene concerned, 
but an irregular c;i^resnon of the character, dependent on the other 
genes with which it was associated and upon differences in 
environment (see discussion in Hogben, 1933). 

This leads on to a further and very vital fict, namely, the 
existence of a type of genetic process undreamt of until the 
h^endclian epoch. In Darwin s day biological mhencance meant 
the reappearance of similar characters in o^&pring and paiem, and 
implied the physical transmissioii of some marerial basis for rhg 
^ chuacters. What would Darwin or any nineceenth^xntury 
biologist say to £icts sucb as the following, which'How form part 
of any elementary course in gencdcs f A black and an albino mouse 
are mated. All their offspring are grey, like wild mice: but in the 
second gencradon greys, blacks, and albinos appear in iht» rado 
9 • 3 < 4 - Or agam, &>wls with rosc-comb and pea-comb mated 
together produce nothing but so-called walnut combs: but in 
next genemdon, in addition to walnut, rose, and pea, some single 
combs arc produced. 

To the biologist of the Darwiman period the producdou of the 
grey mtcc would have been not inheticance, but “reveisioii’' to 
the wild type, and the reappearance of the blacks and whites in 
the new ge^adon would have been “atavism” or “skipping a 
generation”. Similarly the appearance of single combs in the fowl 
cross would have been described as reversion, while the pro* 
ducaon of walnut combs would have been regarded as some 
form of “sport" * 
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In reality, the results are in both cases immicdiatcly cxplicahle 
on the assumpQon of two pairs of genes, each transmitted from 
parent to offspring by the same fundamental genetic mechanism. 
The “reversions”, “atavisms”, and “sports” arc all due to new 
combinations of old ge^es. Thus, although ad the facts ate in one 
sense phenomena of inheritance, it is legitimate and in some ways 
desirable to distinguish those in which the same characcers 
reappear generation after generation from those in which new 
characters are gpoerated. As Haldane has put it, modem genetics 
deals not only with inheritance, but with recombination. 

Thus the raw material avaiiahle for evolution by natural selec¬ 
tion falls into two categories—mutation and recombination. 
Mutation is the only begetter of intrinsic change in the separate 
units of the hereditary constitution: it alters Jthe nature of genes.* 
Recombination, on the other hand, though it may produce 
^uite new oombinadons witii (juite new ef&cts on characters, 
only juggles with cidsting genes. It is, however, almost as impor¬ 
tant for evolution. It cannot occur without sexual reproduction: 
and its importance in providing the possibility of speedily com¬ 
bining several favourable mutations doubtless accounts for the 
all-but-univcrsal presence of the sexual process in the lifc-cyclc 
or Organisms. Wc shall in later chapters see its importance for 
adjusting mutations to the needs of the organism, 

Darwinism to-day thus still contains an clement of deduction, 
and is none the worse for that as a scientific theory. But the facts 
available in relation to it are both more precise and more numerous, 
with the result that wc are able to dieck our deductions and 
to malfi* quantitative prophecies with much greater fullness than 
was possible to Parwin. This has been cspcdaliy notable as 
regards the mathematical treatment of the problem, which we 
owe to R. A. FishcT, J, B. S, Haldane. Sewall Wright, and others. 
^IVc can now take mutarion-rates and degrees ot advantage of one 
* Suictly thb applies only to Benc-uiiUation. Chreniawnic-niuti* 

eiuD, wJi^f ii addi « mbtraeft ckromoriorae-Kts. whole cbigmosomes, or 
pitta of fhroniwifufla. or inverts Ki^ons of chmiiioicnus, meiely 
new ajantTFarivc or positional combinaiioiu of okt ((cnn. Howxvvr, (luoin^ 
sotii G-muratievn may aJier eIic gcticf, Thui wc m covered if we uy mat 

ntiTtsTkvn akm cirher the qiulic,icivc lyittire pt rlic clieiTiivr hnvhtSng 

iIk’ 11 link' of trjnsffiiwiriiti) ot the luGrifttiMry 
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mutation or combination over another, which are within the 
limits actually found in genetic expenmena, and can caJculatc 
the rates of evolution whkh will then occur. 

If mutation had a rate that was very high it would neutralize 
or over-ride selective efiects; if one that was very low, it would 
not provide sufficient raw materia] for change; if it were not 
more or less at random in many directions, evolution would run 
in orthogmetic grooves. But mutation being in point of fact 
cbkdy at random, and the mutadon^atc being always moderately 
low, we can deduce that the struggle lor existence will be 
efieedve in producing dificrential survival and evolutionary 


3. TkB ECUFSE OF DARWINISM 

The death of Darwinism has been proclaimed not only from the 
pulpit, but from the biological lab^tory; but, as in the case of 
Mark Twain, the reports seem to have been gready exaggerated, 
since today Darwinism U very much alive. 

The reaction against Darwhusm sec in during the nineties of 
last century. The younger zoologists of that time were discon¬ 
tented with the trends of thetr science. Ihe major school still 
seemed to think that the sole aim of zoology was to elucidate the 
relationship of the larger group. Had not Kovalevsky demon¬ 
strated the vertebrate affinities of the sea-squirts, and did not 
comparative embryology prove the common ancestry of groups 
so unlike as worms and molluscs j Intoxicatai with such earlier 
successes of evolutionary phylogeny, they proceeded (like some 
Forestry Commission of science) to plant ^dcmcsscs of &miiy 
cttcs over the beauty-spots of biology. 

A related school, a little less prone to speculation, concentrated 
on the pursuit of comparative morphology within groups. This 
provides one of the most admirable of intellectual trainings for 
the student, and has yielded extremely important results for 
science. But if pursued too exclusively for its own sake, it leads, 
as Radi has pithily put it in his History of BiologkaJ TheoHoSt to 
spending one’s dme comparing one thing with another without 
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evYr troubling about what either of them really is. In otlicr words, 
ziHiIogy, becoming niorpbologtcal, suflemd divora; from pliysi- 
ology. And finally Darwinism itself grew more and niore 
theoretical. The pper demonistration tliat such and such a 
iharacccr was or might be adaptive was regarded by many wfittrs 
as suflieknt proof ibat it must owe its origin to Natural Sek etion. 
Kvolutionary studies became more and more nictciy case-books 
t»f real or supposed adaptations. Late ttmetccnili-ccQtujy Uarwin- 
isin came to resemble the early niiKtcentb-ccntury school of 
Natural Titcology. falcy redivivus, one might say, but piiilo- 
st^pliically upside down, with Natural Selection instead of a 
l>iviite Aruficcr as the Dots €X machian. There was little contact 
of evolutionary speculation with the concrete facts of cytology 
and heredity, or with actual expcrimcniation. 

A major symptom of revolt was the publication of Williain 
liateson's AfafcrmJs/ur the Stud/ of Vofiction in Bau-soii 
done valuable work on the embryology of but his 

sceptical and concrete mind found it distasteful to spend usc'lf on 
six-culations tm the ancestry of the vertebratts. which was ^n 
regarded as the outstanding topic of cvoluuon. and We turned to 
a task which, however difletcnt it might seem, he ngbdy regwded 
as picremg neater to the heart of the evolutionary problcnis. 
r^bbcratcly he gathered evidence of variation which was 
tonrinuous. as oppiaed to tlic continuous variation posn^tod by 
Darwin and Wcisiiiami. The rcsuluiiit volume of material, though 
its catlicring might fairly be called biassed, was impressive m 
iiiiantity and range, and deeply impressed the more active spirits 
in biology. It was tlie first syinptom of wlsat we may call tlK 
period of mutation theory, which postulated that large muutioiii, 
md not small "conrinuoui variations”, were the raw matcnal oi 
evolution, and actually dctctminol most of its coinse, sclecaon 
being relegated to a whoUy subordinate position. 

This was first formally promulgated by dc Vnes (1901, i^S) 
as a reside of his work with die evening pnnuoscs, Oenothero, 
and was later adopted by various other workers, notably T. H. 
Morgan, in liis first gencttcal phase. The views of ^ 
twctitictUHCCntnry gi'iicticists, moreover, were coloured by the 
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rciiiscovcry of Mental's liws by CorreasT ^ Vrie$» and Tsch^r* 
mak in the spring of 1900, and tine rapid generalization of them, 
nocahly by Bateson. 

Naturally, the early Mcndelians worked vrith dear-cut differ¬ 
ences of large extent. As It became dearer that iiieiidcliaii inheri¬ 
tance was universal, it was natural to suppose all niciidelian 
Victors produced large effects, that therefore mutation was sharp 
and disconrinuous, stul that the condnuous variation which is 
obviously widespread in nature is not heritable. 

Bateson did not beitate to draw the most devastating conclu¬ 
sions from his reading of the incnddiail facts. !n his Presideiirial 
Address to the Biiti^ Association in 1914. assuming first that 
change in the gcrmplasm is always by large mutation and 
secondly that all mutation is loss, from a dominant something to 
a recessive nothing, he eoncluded that the whole of evolution is 
merely an unpacking. Tlte hypothetical ancestral amoeba con¬ 
tained—actually and not just potentially—tlie entire complex of 
life's hereditary facton. The jettisoning of different portions of 
this complex releaxd the potentialities of this, that, and the other 
group and form of life. Selection and adaptation were relegated 
to an unconsidered background. 

Meanwhile the true-blue Darwinian stream, leaving Weis- 
mannism behind, had reached its biomectic phase. Tracing its 
origin to Galton, biometry blossomed under the guidance of 
Karl PeaisoQ and Weldon. Unfortunately this, the first thorough 
application of mathematic to evolution, though productive of 
many important results and leading to still more important 
advances in method, was for a considerable time rendered sterile 
by its refusal to acknowledge the genetic facts discovered by the 
Mcndelians. Botit sides, indeed, were to blame. The biometridans 
stuck to hypothetical modes of inheritance and genetic variation 
on which to exerdse their mathematical skills the Mcndelians 
refused to acknowledge that continuous variation could be 
genetic, or at any rate dependent on genes, or that a matltematical 
dicory of selection could be of any r^ service to the evolutionary 
biologist. 

It was in this period, immediately prior to the war, that the 
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of the dc^ of Darwinisin acquired cuirency. The facts 
of iiiciidclisni appeared to eoiitradict the facts of paleontology, 
the theories of the mutadonists would not square with the 
Weismannian views of adaptadon, the discoveries of expen- 
mental embryology seemed to contradict the classical itcapitu^ 
latory theories of development. Zoologists who dung to 
Daiwiiuan views were looted down on by the devotees of the 
newer disciplines, whether cytol^y or geneda, Entufickliittgf- 
ifierhwijjt or comparative physiology, as old-fashioned iheonsJCis, 
and the theological and philosophical antipathy to Darwin’s 
great mechanistic generalizadon could once more raise its bead 
without fearing too violent a knock. 

But the old-fashioned sclccdonists were g^ded by a sound 
insdnet The oppoang facdons betaine reconciled as the younger 
branches of biology achieved a synthesis with each other and 
widi the dassical disciplines: and the recouciliadon convert 
upon a Darwinian oentre. 

It speedily became apparent that mcnddisni applied to the 
heredity of all many-cdled and many single-celled orgarklsms, 
both annuals and plants. The menddian latw received a simple 
and general interpretation: they were due in the first place to 
inheritance being parriedate, and in the second place to the 
particles being borne on the diromosornes, whose behaviour 
could be observed under the microscope Many apparent excep¬ 
tions to menddian rules turned out to be doc to aberrations ot 
chroniosomc-behaviour. Segregation and recombination, the 
fiitidamental menddian facts, arc all but universal, being co¬ 
extensive with sexual leproducnon; and mutation, the furthet 
corollary of die particulate theory ofberedity, was found to occur 
even more widely, m somadc tissues and in parthfnogpnetic_ 
and sexually-reproducing strains as well as in die gcittitra^ of 
bisexual species. Blending inheritance as originally conceived was 
shown not to occur, and cytoplasmic inlicricancc to play an 

extremely subsidiary role. ,, l c 

The Menddians also found that mutations could be ot My 
extent, and accordingly that apparendy continuous as well as 
obviously discontinuous variation had to be taken into account 
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in discussing heredity and evolution. The mathenuddans found 
that bimnotrte tnctliods c*nild he Applied tn neo-tnendfhapt 
postulates, and tltcn become doubly fruitful. Cytology became 
intiniatn'Iy linked with genetics. Experimental embryology and 
the study of growth iUuminated heredity, eecapituladon, and 
paleontology. Ecology and systemadcs provided new data and 
new methods of approach to the evoludoiury problem. Selec¬ 
tion, both in nature and in the laboratory, was studied quand- 
tativcly and experimentally, Mathenudcal analysis showed that 
only particulate inheritance would permit evolutionary change: 
blending inheritance, as postulated by Ilkrwui, was shown by 
R. A. Fisher (i^jod) to demand ntneadon-rates enormously 
higher than those actually found to occur. Thus, though it may 
soil be true in a formal sense that, as such an eminent geneticist 
as Miss E, R, Saunders said at the British Asodation niccting 
in i$>20, "Mcndclism is a theory of heredity: it is not a theory of 
evolution”, yet the assertion is purely formal, Mcndclism is now 
seen as an essential part of the theory of evolution. Mcndelian 
analysis docs not merely explain the distributive hereditary 
mechanism: it also, together with selection, explains the pro¬ 
gressive mechanism of evolution. 

Biology in the last twenty years, after a period in which new 
disciphnes were taken up in tom and worked out in comparative 
isolation, has become a more unified science. It has embarked 
upon a period of synchesb, until to-day it no longer presents the 
spectacle of a number of scmi-indepeiidcnt and largely contra¬ 
dictory sub-scienccs, but is coming to rival the unity of older 
sciences like physics, in which advance in any one branch leads 
almost at once to advance in all other fielth, and theory and 
experiment march hand-in-hand. As one chief result, there has 
been a rebirth of Darwinism. The historical facts coneemlng this 
trend are summarized by Shull ih a recent book (i9j6]. It is 
noteworthy that T, H, Morgan, after having been one of the 
most extreme critics of sele^onLst doctrine, lias recently, as a 
result of modem work in genetics (to which he lias himself so 
largely conmbtited), again become an upholder of the Darwi nian 
point of view (T. H. Mo^an, 19x5, and later writings); while 
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his younger colleagues, notably Muller and ScurtEvant, are 
strongly selectionist in their evolutionary views. 

The Darwinism thus reborn is a modified Darwinism, since it 
must operate with facts unknown to IDarwin^ but it ts still 
Darwinism in the sense that it aims at giving a naturalistic inter¬ 
pretation of cvolution» and that its upholders, while constantly 
striving for more facts and more citperimental rcs'dts, do not, 
like some cautious spirits, reject the method of deduction, 

Hogben (1951, p. >45 disagrees with this condiuion. He 
accepts the findings of nco-Mcndclism and the mathemadea] 
conclusions to be drawn from them; but, to use his own words, 
■’the essential diflcrencc between the theory of natural sclccdon 
expounded by such contemporary writers as j. B. S, Haldane, 
Scwall Wright, and H. A. Fisher, as contrasted with that of 
Darwin, resides in the fact that Darwin interpreted the process of 
artificial selccdon in terms of a theory of ‘blending inlicritance’ 
universally accepted by Iiis own generation, whereas the modem 
view is based on the Theory of Pardcubtc Inheritance. The 
consequences of the two vie ws arc very difTeretit, According to 
the Darwinian doctrine, evolution is an essentially continuous 
process, and selection is essentially creative in the sense that no 
change would occur if selection were removed. According to the 
modem doctrine, evolution is discondnuous. The differcntiadoii 
of varied^ or spedcs may suilcr periods of stagnation, Selccdon 

is a destructive agency," l - 1 c 

Accordingly, Hogben would entirely repudiate the iide ot 

Darwinism for the modem oudook, and would prefer s« the 
term Natural Selccdon replaced by another to mark the new 
connoutions it has acquired, although on this latter point he is 
prepared to admit the convenience of retention. ^ 

These objections, coming from a biologist of Hogben’s taiibre, 
must carry weight. On the other hand we shall sec reason m 
later chapters for finding them ungrounded. In the first place, 
evolution, as revealed in fossil trends, 15 "an essentially continuous 
process". The building-blocks of evolution, in tin. shape of 
mutations, arc, to be sure, discrete quanta of chaiig(.\ But firstly, 
the majority of them (and the very great majority of those' which 
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rurvivc to become mcorporated in the getiedc constictition of 
living things) appear to be of small extent; secondly, the eSbet 
of a given mucadon will be dificient according to the combina> 
dons of modifying genes present (pp. 68 seq,]; and thirdly, its 
effect may be masked or modified by enviiomnental modifi¬ 
cation. The net result will be that, for all practical purposes, most 
of the variability of a spedes at any given moment wifi be 
continuous, however accurate are the measurements made; and 
that most evolutiottary change will be gradual, to be detected 
by a progressive shifhng of a mean value from generadou to 
gencrarion. 

In the second place, the statement that sclccdon is a destruedve 
agency is not true, if it is meant to imply that it is nserety destrue¬ 
dve. It is also directive, and because it is direedve, it has a share 
in evoludonary creation. Neither mutadon nor sekerion alone 
is crearive of anything important in evoludon; but the two in 
conjiinccton arc creative (p, 475). 

Hogben u petfiedy dght m stressing the (act of the important 
differences in content and implicadon between the Darwinism 
of Darwin or Weismann and tW of Fislicr or Haldane. Wc may, 
however, cefiect that the term dtojn is sdll in current use and the 
atomic theory not yet rejected by physicists, in spite of the 
supposedly indivisible unib having been divided. Tiiis is because 
mo^m physicists still find that the parddes called atoms by their 
predecessors do play an important role, even if they ate compound 
and do occasionally lose or gain paidcles and even change their 
nature. If this is so, biologists may with a good heart condcuc to 
be Darwinians and to employ the term Natural Sclccrion, even 
if Darwin knew nothing of mcndcUaing mutations, and if 
selection is by itself incapable of changing the constitudon of a 
species or a line.* 

It is with this reborn Darwinism, this mutated phoenbe risen 
from the ashes of the pyre kindled by men so unlike as Bateson 
and Bergson, that I propose to deal in succeeding chapters. 
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I. THE HETESOGENEITY OF EVOLUTION 

Widi the reorientation made possible by modem genetics, evo¬ 
lution is seen to be a Joint pcoduet oF tmieatton, recombination, 
and selection. Contrary to the views of the Wetsmann school, 
selection alone has been shown to be incapblc of extending the 
upper limit of variation, and therefore incapable by itself of 
causing evolutionary change. Contrary to the views of the more 
extreme tnutationists and the believers in orthogenesis, mutation 
alone has been shown to be incapable of producing directional 
change, or of overriding selective effects. The two processes arc 
complementary. Their interplay is as indispensable to evolution 
K is that of hydrogen and oxygen to water. And, as we shall 
see in dcuil later, tlic third process, of recombination, is ahiimt 
equally essential, not only for conferring plasticity on the species 
and allowing for a sufScient speed of evoloiionar>' chan^, but 
also for adjusting the effects of mutations to die needs of the 
organism. 

In this hook 1 shall endeavour to analyse sonic of the main 
types of evolutionary change in temis of diis dual responstbdity, 
and then to disentangle the various main roles (for they arc 
numerous and diverse) of sclcetiou. Tliis analysis will Lad finally 
to a discussion of the problem of evolutionary progass-wliether 
any such process exists, whether it is explicable on selectionist 
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tcnm. and whether there is any prospect of its fittticc condituancc, 

hi the first place, then, evolution ts an alarmingly large and 
varied subject. The students of a particular aspect of evoludon 
are prone to chink chat their conclusions are generally applicable, 
whereas in most cases they are not. The paleontologists unearth 
long evolutionary series and claim that evolution is always 
gradual and always along a straight course, which may be cither 
adaptive or non-adapdve. However, as Haldane (1932a) has 
pointed out, their conclusions apply almost entirely to animals, 
and to animals which ace mostly of marine type and aQ belonging 
to abundant species. In some bnd plants, on the contrary, we now 
have evidence of a wholly diiRttnt method of evolution, namely, 
the discontinuous and abrupt formadon of new species. And in 
tare forms, as Sewall Wright (1932) and Haldane (1932a) 
especially have stressed, the course of evoludon, or at least of 
specific and generic evoludon. will not cun in the same way as 
in abundant and dominant types (see also p. 3^?). 

Meanwhile the comparative physiolo^t and a certain type of 
naturalist will inevitably be struck by the adaptive characters 
of animals and plants: organisms are seen by them as bundles of 
adaptadons, the problem of evoludon becomes synonymous with 
the problem of the origin of adapradon, and natural seiccdon 
is erected into an aU-powcrful and all-pervading agency. This 
was the orthodox post-Darwinian view up to the end of the 
nineteenth century, as represented by Darvirin himself in such 
books as the FcnUtaaion of Orchids, by Wallace in his Dcirmnism, 
by Weismann in Tiie Etfoluiion Tiieory, by Poulion in The 
Coiours of Animals, 

The systemadst, on the other hand, and often the ecologically 
minded naturalist, struck by the apparent uselessness of the 
chanicters on which they determine species and genera, arc apt 
to overlook other characters w’hicb arc adapdvc but happen to 
be of no use in systcmadcs, and to neglect the broad and obviously 
adapdvc characters seen in larger taxonomic groups and in 
paleontological trends. The result, as recorded for instance in 
Robson and Richards’ book. The Varialion of Animats in Nature 
(i 93 <i). and Robson's work on The Spedcs Problem (1928). is 
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an undue belittling of the role of selection in evolution, and an 
over-entphasii on die origin of species as die key problem oi 
evolutionary biology. 

The paleontologist, confronied with Iiis continuous and lojig- 
langc trends, is prone to misundersiand tlie iinplicatioiu ot n 
discontinuous dieory of change such as mutation, and to invoke 
I'rtliogciiesis or lainaTchisni as e.'iplanaioty agencies, Sitice rhere 
are more tare than abundant species, die bit^geographer will have 
to discount die fact that be is dealing mainly widi processes irre¬ 
levant CO the major trends of evolution regarded as a long-range 
process; while the ecologist and the pure physiologist, appalled 
by the complexity of the phenomena which tliey study, are apt 
to give up the quest for any evolutionary explanation at all. 


a. the PALEOtrrOLOGlCAL DATA 

We may perhaps take up these points a little more in detail. 
There is first the point of the imrepresrntative nature of the 
material upon which the paleontologist relics. The chief groups 
which have yielded detailed results of past evolutionary change 
by means of fossils are the molluscs , the cchinoderms. the brachio- 
pods, the graptolitcs, and the crilobites. Among the vertebrates 
wc have, of course, numerous important fossils which reveal die 
past history of tlie phylum; but for the most part they serve 
merely to show the general course of evolution and the broad 
relationship of die various groups: this is so widi the famous 
ATcItaeopieryx, widi the extinct orders of reptiles, with die rep¬ 
tilian forms ancestral to mammals, with the ostracodcrnis, whose 
prunicive structure has been revealed by the work of Stensib. 
Only in the placental mammals, however, and notably in die 
horses, the titanothcres, die elephants, and one or two odicr lines, 
do wc meet with an abundance of fossil forms sufficient to give 
us what wc may call (reniembcring die words of the psalmist, 
"a thousand years in thy sight arc but as yesterday"} the day-tcK 
day progress of evolutionary change. And even here tho abun¬ 
dance and the consequent detailed accuracy of the record are less 
chan in the other groups memioned. 
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All these others arc aquatic and almost exclusively marine. The 
graptolitcs -uid trilobitcs endured only for a short period of the 
geological record. So, among the molluscs, did tlie animoiiiccs 
and (so far as abundance and fossil prtservation are concerned) 
the iiauciloids. The lamcUibraiiehs, on die other hand, and the 
jea-urchins and starhsh among the echmodcims have retjiaincd 
abundant up to the present. Tlits, however, does not appear to 
matter. In all eases where fossils are abundantly preserved over 
a considemble period, we find the same pbenonena. The change 
of form is very gradual. It is often along similar lines in related 
types. And in general it appears that different charactm vary 
independently: at any one horizon, for instance, the fossil sea- 
urcliins of the genus Mi'crastfr include a few spcdmeiis showing 
cliaracters remiriisccnt of the average of the horizon before, a few 
with the same characters anticipadng the average of the horizon 
next deposited; but in general the average development of the 
various diagnostic characters will be nearly constant, though there 
is no rigid correlation and many spedmens will show some 
characters in advance of and others behind the mean for the 
particular time (Hawkins, 1936). A similar state of affairs lias 
been found in the history of the horses (Matthew, 19^®)- 
As showing the restricted nature of the material on which the 
paleontologist relies, it may be mendoned that Professor Hawkins 
(1936), in his presidential address to the Geology Sccdoii of the 
British Association at Blackpool, drew very far-reaching con¬ 
clusions as to the method arid course of cvoludou on the basis 
of cchinodcrms, molluscs, and brachiopods alone. No trends 
in vertebrates and no trends in land animals were discussed 
by him. 


3. EVOlUnON IN RARE AND ABUNDANT SRLCIES 

It is fufthemiotc obvious that only abundant and widespread 
spcdcs wiU be of any service in tracing the detailed course of past 
evolution. Now there are various peculiarities distinguisliing rare 
from abundant spedes. In the fiist place, abundant spcdcs will 
have a larger reservoir of inheritable variation, both actual and 
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poEcntial. This can be deduced on dieoTcdcal lines fruni what we 
know of mutation (Wright, 1932). In addition, it has been 
demonstrated as a fact in several eases. Darwin, on the basis of 
qualitative inspccdon, asserted that it was so. And R. A. Fisher, 
using all the apparatus of biometric and probability technique, 
has now demonstrated that it holds for such diverse characters 
as thff colour of moths* wings and the dimensions of birds' 
(Fisher and ford, 192^^ Fisher, 1937^)- This will obviously confer 
upon abundant species a greater evolutionary plasticity, a higher 
potency of adaptive change. 

Rare species, on the odicr band, will not only possess toss 
evolutionary adaptability, but will, as Sewall Wright (1932) has 
emphasized, be prone to have useless or even deleterious muta¬ 
tions become accidentally fixed in rhdr consririitioii. When 
numbers arc increasing after being abnormally low, a chance 
mutatioti may spread through a considerahlc proportion of the 
population (p. 61). Further, genes wliich are ncutrjl or even 
deleterious have a chance of becoming incorporated in a small 
local population-unit. Such ’'accidental’' divergence may con¬ 
tinue to an indcftnitc extent. Furthermoie, rare species will tend 
to become subdivided into discontinuous groups, and these, 
once isolated, will have a greater likelihood of diffcccntiating into 
separate species, partly by the accidental accumdadon of muta¬ 
tions, as we have just seen, and partly because selection can work 
on them unhampered by immigration from other areas inhabited 
by slighdy different types. Haldane (iwia) draws attention to the 
fact chat the rare fern Nepkndiuta spiituhsum lias no fewer than 
four well-marked local subspecies (or even species, according to 
some audiorities) in isolated areas of firiiain done. 

Many abundant species, on die other hand, will difierentiatc 
into subspecies in diierent parts of a continuous range; these will 
differ adaptively in accordance with the environment, but there 
will not be complete isolation between them (except as the result 
of climatic or geolt^cal change producing a barrier) and migra¬ 
tion will keep distributing genes from one subspecies to its 
neighbours (Chap, 3, § 3)* 

When dm « so, Sewall Wright (1931) points out that the 
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vaiubilicy of a species will be at a maximuni; for the agency of 
selccdoQ will have xycti panial local difierendatioii to the 
intrinsic variability of a large popularioti, and migration, will be 
ensuring new recombinatiorts of the genes determining sub¬ 
specific cbaracters. 

In abundant plant species, the chief tendency appears to be to 
diifcrcnmtc into numerous ecotypes, many of which will co-exist 
in the amc geographical region {pp, scq.). These too will be 
able to exchange genes, and thus to promote variability. 

Furthermore, as Haldane (T932d} has stressed, competition and 
therefore selection in rare spcdcs will be more between the 
spedcs as a whole and its environment, or between it and other 
related spedes, while in abundant spedcs they will be more 
between bdividual members of the same spcdcs. And this rnifd- 
selection has various peculiar lesults in evolution, many of 
^em in the long run being harmful to the stock (p. 47S). 

We must also mentioa the interesting work of Willis, summar¬ 
ized in his book, Agi <md Area (1922). In the fiist place, he points 
out that rare species are more numerous than abundant spedes. 
For instance, out of &p9 species of flowering plants in Ceylon, 
(ij per cent are rare, uiduding 37 per cent "extremely rare” 
(sec p. 204). His figures apply chiefly to flowering plants, but even 
a casual acquaimaiicc with sysiematics makes it clear that a 
situation of this type is general, and that thesystemaristand biogco- 
grapher arc dealing svitb many more scarce than abundant species. 

The discontinuous formation, per salhtm, of new species in 
plants 1 shall treat of later in detail, in connection witli the spedes 
problem in geaeral. Sufflee it to say here that the phenomenon is 
known in several groups of flowering plants, and may well 
prove to be considerably commoner than is now generally 
supposed, save by a few cytologists. and geneticists. 

4, ADAPTATIONS AND THHS INTEfiPRETATlON 

On the subject of adaptation, also, I shall have more to say b a 
bter chapter. But it is clear that, whatever value we allow to die 
deductive niethotl and its implicabons as regards adaptation, it 
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musi not be allowed too free a rein. Speculation must be constantly 
checked by observation and experiment 

A striking example of this comes ^cm recent work on sexual 
selection (see summaries in Huxley, I938r). Under 

the impetus of Darwin's great work, The Desfeni of Mon, what 
may be called the orthodox Darwinian view came to be gjcnerally 
held, namely, that all bright colours of higher animals which are 
restricted to the male sex, ate, in the absence of definite evidence 
to the contrary, to be interpreted as owing their origin to sexual 
selection; the same was assumed for the songs of birds. "When 
these bright colours were known to be conspicuously shown off 
in some special display attitude, the conclusion was regarded as 
incontrovertible; but even w'hcn this was not the case, as with 
most of the bright colours of male ducks, the presumption was 
regarded as sound. It was rarlicr the opposite of the presumption 
of British law that a prisoner is to be regarded as innocent until 
definite proof of guilt is adduced. In reacdon against this attitude, 
however, many biologiss adopted an equally unctitical attitude 
of scepticism, and many even proclaimed that sexual selection: 
had been "disproved" and that no masculmc colour or other 
characters had any function in stimulating the female. 

However, while this scepticism is wholly unjustified in face 
of the vast body of positive evidence, notably front field study, 
recent work, both observational and experimental, largely on 
birds but also on lizards (sec Noble and Bradley, 1933), has 
shown that the Darwinian presumption in its sweeping form was 
erroneous. Only when the bright colour or other performance is 
solely or mainly used in display before the female can it hold. 
If so, however, the presumption is very strong that its origin ts 
to be sought in sexual selection in the modem sense, which differs 
considerably from that in which it was originally employed by 
Darwin, and the burden of proof is on the other side. 

Song, on the other hand, as a result of detailed obseivaron, is 
now regarded as having its prime function as a "distance threat" 
to rivaTmalcs and its secondary function as an advertisement, so 
long as the singer is unmated, to unmated females. The same is 
true of bright colours in the males of territorial species. Similarlv 
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bright colours have in many cases been proved to have the 
function of simple threat and not that of display. The most 
striking case is perhaps chat of our common robin {Erhfuicus 
ntbeiuk), }t was known that the bright red cobtir of die breast 
is actually displayed very prominently in a special stiff erect pose 
during the breeding season, and it had been g^tnerally assumed that 
this was a display of the male cotvards the female. The observ- 
atiom of Burkitt {1924-5), however, and of Lack {l939). and 
cjcpcrimcnts with stuffed birds have showTi that this pose is one 
of threat and is used by members of either sex, but exclusively 
towards territorial rivak It is noteworthy that in the robin, 
both sexes hold territories in autumn and early winter, so 
that the marked devclopincnt of threat action and threat colour* 
ation in the female as well as the male has an obvious adaptive 
significance. 

Observation again has shown that one and the same colour or 
structure may be employed in different ways as a threat to rivals 
or as a display to potential mates—this holds for blackcock and 
ruffe, for instance ^ while in other cases, as in the train of the 
peacock, the display function appears to be the only one. Thus 
deductive speculation, though Intimate in its place, most be 
closely checked. 

Precisely similar considerations apply to all other cases of 
adaptation. For instance, elementary ob^rvation shows a coire- 
btion between the prevailing colour and pattcni of animals and 
that of their environment. This provides a pmnd facie case for the 
relation being an adaptive one. But tltis deduction is a first 
approximation only. Tlic next step is to make detailed ecological 
observations on particular cases; to see whether alternative 
explanations may not be preferable (such as die view that there 
is a direct effect of the colour of the environment on the orgartisni, 
or an indirect effect vb the prevailing chmatc; see Dice and 
Blossom, 1937, for a case where the cUmatic interpretation can 
be rejected); and, where possible, to check the adaptive value by 
experimenc We sliall then be able to reject a certain number of 
suggestions (such as that of Thayer (1909) that the pink colour 
of flamingos enables them to escape detection against the sunset 
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sky), and to retain a ocnain body of firmly established fact and a 
considerable residuum of high probability. 

We need not be deterred by arguments of a negative nature^ 
such as diat which tnainuim that a parricular arrangement cannot 
be adaptive, because related spracs do not show it; for these can 
be sho\!^Tii CO rest on a lack of biological logic (p. 4 ^)- 

On the basis of such a step-by-step analysis, we shall obtain 
strong support for the view that adaptation k all-pervading and 
of m^or importanjre^ even if it docs not apply to numerous 
details of the structure and fimcdon of organisms. And this will 
enable us to discount non-adaptivc tbeories of evolurion, such' as 
orthogenesis, as being based cither on incomplete data or on 
deUberate rejection of the adaptadonal point of view- 


5 . ADAPTATION AND SELECTION 

finally, another and even more important point of method must 
be mentioned. It concerns the types of conclusions which can be 
drawn fiom different types of data. I will begin with an example* 

Various writers, naturally comprising a number of pale¬ 
ontologists, have advanced views on genetics and selection, which 
arc based upon the data of paleontology- For instance, some have 
claimed that Lamarckian diories of uiheritancc and evolutionary 
change must be true, since paleontological change is in the 
majority of cases of a functional nature, suiting the stock prt- 
gressively to a particular mods of lifi'i For mstajics. Mac 3 ritic 
{ipj6), after reviewing certain cviclence for the iuheritajicc of 
habit, continues: “When fully documented evidence for evolution 
as displayed by a minute study of species and races of Uving 
forms or by the study of lincag: series m fossils is carefully 
studied, this dependence of evolutionary change on change lu 
habit and function becomes apparent/* And be draws the further 
conclusion that the changed habit or function is the direct cause 
of the evolutionary change. 

Others, while not going so fit m a positive direction* insist 
that any selective theory based upon inheritable variation occur¬ 
ring at random, or at least in many dirccuoiis, cannot be true. 
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The reason alleged b tli^t ehe fossil record shows nothing of this 
randomness, but always advances along definite dhecdons. Sdil 
others^ more impressed by this fact of direction, and by the 
further fact that the dircctioiLal change docs not always seem to 
be funcdonal, but may be of an apparently useless or even 
deleterious nature^ assert not merely that selection cannot be 
responsible, but that the prime cause of evolution must be the 
inner momcncum which in technical parlance is called orthogenesis 
[see e.g. Hawkins, and Chap, g oi this hook). 

Quite bluntly and simply, ail such ^^ttions arc unjustified^ 
They arc unjusdfied on the score of simple logic and scientific 
method. Paleontology is of such a nature that io data by them¬ 
selves cannot throw any important light on genedcs or selection. 
As admitted by various paleontologisis (eg. Swimierton* 1940), 
a study of the ol evolution cannot be decisive in regard 

-tc^ the fik^tlfod of evolution. All that paleontology can do in this 
tatter field is to assert that, as regards the type of organisms which 
it Studies, the cvoludoiiaiy methods suggested by the gcncdcists 
and evoludodsts shall not contradict its data« For instance, in 
face of the gradualncss of transfonnadon revealed by paleontology 
in sear^urchins or horses it is no good suggesdng that large 
mutarions of the sort envisaged by dc Vries shall hive played a 
major part in providing the material for evoludonary change. 
£ven here, however, let us be caiefid to note the restriction 
imposed by the phrase regards the type of organisms which 
it studies^'. The main lines of evolution in the more abundant 
forms of sea-urchinsp horses, and the like may depend upon 
gradual change; but this is no reason for assuming that diis holds 
for all orgatusms. And as a matter of fact, as we shall set forth 
more m detail later, abrupt changes of large extent do play a part 
in rettain kinds of evolution in certain kinds of plants^ 

It may be worth while to see why and how the assertions, 
positive and negative, that we have just been commenting on, 
arc methcdclogically unJuscifiecL in the first place to state that 
the functional nature of evolutionary change presupposes a genetic 
mechanism like that postulated by Lamarddsm^ which involves 
the inheritance of nn^ifications in the individual brought about 
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by use and fimedon. is a non Sf^uitiir. A functionally-guided course 
nf (,'vrtlution coiiso:iaiit witli a lamarckian inctluid for evo 
111 lion bnt ic is also coniv''nant STi[b an anti-lainarckiaii Danvin- 
istTL For the natural selection of "spontaneous” variations which 
in their origin have nothing to do with the effect of use or disuse, 
provides a perfectly adequate formal explanation of the genesis 
of organisms adapted to their mode of hfe, and therefore of a 
functionally-gtiided course of evolution. The difference lies in 
the intennediary steps: in the one case the effect of use or func¬ 
tion is supposed to be direct, in the other indirect, t'ia the sifting 
mechanism of selection. 

There is thus a non se^tiiur in the fundamental postulate ot 
ftinciionally-dirccTcd fossil lineages presupposing l.iniarckia!i 
evolution. MacBride (e.g, 1936). however, goes even further. 
He implies that all evolutionary change is hmctionally deter¬ 
mined. But in the first plaa we shaU later describe certain trends 
revealed by paleontology, notably in ammonites and lamcUi- 
hranchs, for which no functional explanation Im si> tar been 
suecested (p. soo). And, in the second place, the evidence on the 
differences between allied species, as collected by such authors as 
Robson and Richards (1936). indkates that many s^c 
characters are non-^adaptive. Even if we discount many o 
as being in all probability useless consequences or correlates ot 
usefid characters, a residuum remains. Thus here again we find 
are brought out the multiformity of evolution and the tmpossi- 
bility of ascribing all hinds of evolutionary change to a smgtc 

Similarly the argument that straight-line or directional evolu¬ 
tion as revealed by paleontology rules out the natural se ecaon 
of random variations is simply not true. On Ae p^^^te ot 
natural selection, the overwhelming majority 
which survive will clearly be of the adapted type. The hhehhood 
of any obviously mabdjusted types surviving xo become fossihzed 
is negligibk. Further, at any one moment, if them is a ct^tant 
pressutTof selection, and if the raw material on wh^ it 
acts is constituted by small mutations, as appears ^ 

(pp. 51, 58 n,), the main alteration of the stock will be brought 
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about by the slightly lower sumval- and reproduction-ratE of 
the types which, though already broadly adapted, arc not so 
highly adapted as others. Thus for the most part the consdtutioii 
of the stock, as revealed in the bulk of those individuals wWch 
reach maturity, will change by a gradual increase of more highly 
as against less highly adapted types, not by the selection of "the 
adapted" as against "the non-adapted". 

Again, directional evolution does not necessitate orthogenesis, 
since, so long as it is functional and adaptive, natural selection 
will also provide a formal explanation of it. An orthogpnede 
tlicory v-'j1 I be necessary if studies on mutadoit show that mutarion 
(e) is so frequent that it can override selective influences and 
(^) if it abo tends to occur repeatedly in the same direcrion. It 
will also be necessary to account for directional evolution winch 
is useless or deleterious, or is not correlated with adaptive func¬ 
tion, These points we shall discuss later (pp. j04 scq.), 

6. THE THJtEE ASPECTS OF BIOLOGICAL PACT 

If we took at the tnattci in the most general light) we shall sec 
that every biological fact can be considered under cluee rather 
distinct aspects. First, there is the mechanistic-physiological aspect: 
how is the organ constmeted, how docs the process take place! 
Secondly, there is the adaptive-functional aspect: what is the 
functional tisc of the organ or process, what is its biological 
meaning or value to the organism or the species? And in the 
third place, there is the historical aspect: what is the temporal 
history of the organ or proocs, what has been its cvblutionary 
course ; A couple of examples will illuminate the point The 
auditory ossicles or small bones of our middle ear operate so as 
to transmit vibrations of the ear-dnun to the fluid on the inner 
ear. Their functional significance is to enable us to licar. And 
historically they arc derived from the inner portions of die upper 
jaw, the lower jaw, and the hyoid, which have changed tlioir 
function in the course of evolution. Or again, the notochord, 
which appears traaririonally in the development of all higher 
vertebrates, b historically a rccapitulatioii of the stage when all 
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ancestral vertebrates possessed no backbone but a notochord 
persistent through life. Mcchanisdally, it is developed by a 
process of self-determination from the central portion of die 
invaginated dorsal Up of the blaostspore. Functionally, it appears 
to serve as a icmporary scaffolding around which the true back¬ 
bone may afterwards be most conveniently laid down. 

Sometimes a character may possess no present funcdoiial value, 
and can only be understood in the light of its evolutionary pasL 
This appears to be true for the hind-limb bones of whales or the 
vestigial hairs on our own bodies. But in all cases the three aspects 
arc distinct; each must be investigated separately by appropriate 
methods, which may have no rclcvano: to the other 
and discoveries concerning any one aspect can only be of Uniiting 
nature, and not decisive or essential, with regard to the oilier two 
aspects. They represent three separate fields of discouise, which 
may overlap, but are of fundamentally dificicnt natures. 

These considerations apply to evobdou as to all other biological 
phenomena. Paleontology deals with the historical course of 
evolution. The machinery for the transmission of hereditary 
factors, together with any differentiai survival or reproduction 
of individuak of different types, constituKS the mechanism of the 
process. The adaptations of specks or evolutionary lines, and the 
reasons for their spread or their cxtincdoti, constitute the ftme- 

lional aspect, . 

We have seen the iUegidntacy of using data on the course of 
evoludon to make assertions as to its mechanism; but tlic con¬ 
verse is just as indefensible. For instance, as we have already said, 
the assumprion of the de Vricsian mutationists that discontinuous 
variadotis of large extent are the main source of cvoludonary 
change is not consonant with the facts revealed by paleontology. 
Again, the demonstration that small mutadons occur and can 
serve as the raw material on which natural sclccdon may act to 
effect gradual evolutionary change, does not mean that this is 
necessarily the only type of evolutionary changp [«ssible. We 
have already mentioned that species may be formed abruptly, and 
other large variations arc known to occur and “ s^vc. 
eases, as building-blocks of evolutionary change (Chap. 6 , 8, 
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Ttic consi<jcradon of evolution tlim demands data from the 
following brandies of biology. As regards its historical course^ 
directly from paleontology and indirectly from s^^rcmatics and 
biogcography. As regards mechanism, from genetics and cytol¬ 
ogy, and, since the expiesdon of a gene is rniportant, from 
studies of development and growth: in addidon^ systetnatics 
may throw light on the types of variation to be found £n nature^ 
And as regards biological meaning, from physiology and ecology 
for the study of adaptation; from mathernadcs, selection experi- 
mencs, and* indiiecdy^ from palcontobgy* for the study of 
survival and extinction. All these are necessary ^ but none o f them 
alone is sufficient. 

7. THE MAIN TYPES OF EVOLUTIONARY EROCESS 

If V C may anticipate some of the results of later chaprers, we may 
summaziae our conclusions briefly as follows. Evolution in 
biology is a loose and comprehensive term applied to cover any 
and every change occurring in the constitution of systemaric 
units of animals and plants, from the formation of 2 new sub¬ 
species or variety to the trends, continued through hundreds of 
millions of years, to be observed in large groups. 

The main processes covered by die term are as follows, 
(i) Long-continued trends, as revealed by indirect evidence and 
in some cases by the immediate data of fossils. These are for the 
moat pare cowards specialization (p. 486), a number of them 
towards that peculiar form of specializarion called degeneration 
(p, ssS), and a few towards that all-round biological improve¬ 
ment which may be styled evolutionary progress fp. 559). Ai! 
these are essentially adaptive, or, if you prefer it, functionally 
guided. In addition, certain trends occur which cannot be inter¬ 
preted adaptively, at least in the Ught of present knowledge, such 
as that of various lines of ammonites to gteater complexity 
followed by progressive unrolling of the spiral and by other 
stmphiications (p. 506). 

Indirect ciHdcnce for similar trends, at least for those of 
adaptive type, is provided by comparative anatomy and embry- 
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ology. When a group is considered as a whole, it will be found 
in the early stages of its history to be .adiadng into a number of 
trends; in other words, its evolution is essentially divergent, 

An important complication is provided by the fact that selection 
may have quite diflerent effects accordnig to the group of indi¬ 
viduals on which it acts. Thus selection in social insects like 
bees and ants in which most individuals arc neuters and repro¬ 
duction is concentratedi in a small special caste, can prodticc 
characters in the species of quite a different type from those 
possible to animals of the usual type, in which aU individuals are 
capable of reproduction (p. 483,). Again, in higher mammals, the 
fact that the mother nourishes a Utter within her body will lead 
to a special type of selection acting upon the unborn young, and 
this will have repercussions on die evoludon of the spedes 
(p, 525). Similarly, the competirion between pollen-grains in 
higher plants leads to a type of selection which is absent in higher 
animals (p. 4S1}, while the necessity for internal fcidlixation in 
higher animals has led to the type of selection, with characteristic 
cficcts, known as sexual or inter-male selection (pp, 425 scq.}. 
Again, the existence of growing-points and other regions of 
pernunendy embryonic tissue in higher plants gives them oppor- 
tuttidcs for asexual reproduction and for takuig advantage of 
mutadons that are denied to higher animals. 

(2) Minor systematic changes, as revealed by detailed tax¬ 
onomy, ecology, qiftology, and genetics. When we come to 
minor systematic change, we find some very difierent pcoccsses 
at work. Some prooc^ of spccies-diflerentiation wiU, of course, 
form part of a major trend, whether by the direct evolution of a 
spedes into an altered form or by its divergence into two lines 
of indpient spcdalizadou. But many processes involving the 
formation of spedes and subspecies will be of a different character. 
Plant spedes may be produced di$c<jntinuous!y so that no 
selection is involved in their formation, but only in their subse¬ 
quent fate (p. 340). A large spedes may become broken up into 
^ghdy differentiated subspecies, eadi somewhat adapted to local 
Gondidotts, but interbreeding to a certain degree with neighbour¬ 
ing specks. If really small local groups are whoUy isolated from 
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mterbrecding with the rest of the spedcs» their total variability 
will be insuffidetit to respond readily to sdcction, useless or even 
deleterious characters due to chance (pp. 199 seq.) may crop up 
in them, and they ivill be more prone than lugei g^roups to 
become extinguished when condidons alter. The same is true of 
once numerous species which dwindle uudl they become small. 

In certain conditions, as on the Gabpagos aicblpeSago, die 
few immigrants which have succeeded in reaching the place 
have blossomed out into an extraordinary array of species; 
it sccim that local isolation, coupled with absence of biological 
competition, is involved (see Swarth, 191 r, 1934, and Ciiap, 6, 
5 7 of this book). 

It may be presumed, on somewhat indirect evidence, that 
^‘useless” non-adapdve diffwoices due to boUdon of small 
groups may be enlarged by the addidon of further diHcrences of 
the same sort to give gcueric dkrinedon, though it seems prob¬ 
able that differences of family or higher rank arc always or almost 
always essentially adaptive in natiirc. 

As we shall discuss more fully later (p. 478), both competition 
and therefore selection in abundant spcdcs arc mainly intra- 
spedfic, between individuals of the same specks; while with rare 
specks they are mainly interspecific, between the species as a 
whole and its rivals, or as a struggle of the species as a whole to 
survive in its changing local environmeat. 

A spcdcs, besides becoming dificrentiated into local subspecies, 
may show polymorphiim. In some cases, as with various 
mimedc butterflies, ^ difierent forms are h^hly adaptive and. 
diilcr in many details, while in other cases, as with the cxistcnoc 
of two or more cobur-phases (e.g. in black and red squirrels, 
or pale and normal doudedyeUow butterflies; pp. 96 scq.), the 
forms differ in some simple mcinidiau character and tlicir adaptivt- 
sigmficance is not at all obvious. In some such cases certain by¬ 
products of the mciidelian mechanisin of hcredire and mutation 
seem to be responstble for permitting this sharp polymorphism to 
occur, though b others there is a selective balance, weighted 
difierently b ecologically di^rent parts of the otganlsmV tang): 
(pp. 103 scq.). 
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Again, in animals, mutual recogiuiion may be ai a 

pretmum. The recognition may be of one member by all others, 
as with the eccognidon marks of gregarious birds and mammals; 
or it may be between members of opposite sex, as in colours, 
sounds, or scents promoting the approximation or sdmuladng 
the coition of the sexes; or between members of the same sex, 
as with ihreat-<haractci5. In most of these cases it is biologicaliy 
desirable to prevent confusion with s i mil a r characters of related 
Species occupying the same area (pp, aSB seq.). Recognition- 
characters accordingly are in most cases not only striking but 
strikingly different from specUs to speoes. Selection in these 
conditions operates to produce disimctivcness—difference for the 
taVf of difference (sec Lorenz, 1935, Huxley, 1938c). 

In still other cases, frequently in plants and rarely in animals, 
an in^rbreeding group (species or subspecies) has been produced 
by crossing between two or more incipient or fully differendatEd 
species. The rcsulis differ according to the precise genetic and 
cytological mechanisms operative (Chap. 6, §§ 8, 9}; in some 
cases, however, an abnormal degree of variability is generated. 

All these different processes^the adaptive and the non- 
adapdve trends, and all the various types of specific, subspedfic, 
and polymorphic divergences—are equally part of evolution. If 
the long-range trends are in the long view the more important, 
the minor change^ probably coueem a far larger number of 
species^ It would seem clc^ diit we ewnoe expect to find a single 
cause of evolution; rather we must look for several agei^ 
which alone or in combination will account for the very various 
processes lumped together under that comprehensive tetm. ^ 
Looking at the matter from another angle, we arc bcghi^g to 
realize that diffbrent groups may be expected to show different 

kinds of evolution. . , l . i 

Only forms which ate able to dispense entirely with bisexual 

reproduction will be able to establish new species by autopo y- 
ploidy; the establishment of new specks by hybridization and 
allopolyploidy will in the main be confined to forms wi* un¬ 
limited growth of the type found in higher plants; purely apo- 
miede forms will show a host of sUghdy different pure lines; 
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Aiiinifti groups with wide powers of dispersal like birds will tend 
to develop characters for sex-iecognicion and disonminadon to 
prevent intcrcrosMng with other spcdcs; tlie t^^pe and amount of 
variadon and dificrentiation will be different m cross^fcrtiliikig 
as against sclf-fertilking or non-sexual formSt in fertile polyploids 
as against diploids, in sedeucary as against mobile tonus (Chap. 4). 

Just as there is no one method of the origin of specks^ so there 
is no one type of variadon- Different evolutionary agencies differ 
in intensity and somctiines in kind in different sorts of orgamsms, 
partly owing to differences in the cnviromneGt, partly to differ¬ 
ences in way of life, partly to differences in genetie machinery» 
No single formula can be taiivcmlly applicable; but the different 
aspects of evoludon must be studied afresh in every group of 
animals and plants. We arc approaching the rime when evolution 
must be studied not only broadly and deducrivcJyt not only 
intensively and analytically, but as a comparative subjects 
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I, MUTATION AND SELECTION 

The essence of Mendclwn heredity is that it is pirticulate. The 
genetic constitution is composed of discrete units. bnd of 
unit con exist in A number of disoete fonn^ The hemditoty tnim- 
misdonof Any one kind of unit is more or kss ^pendent of that 
of other units, the restriction of independence being a partial one, 
concerned with the phenomenon of linkage. The units arc the 
MendcHan factors or genes, while their different forms arc caUed 

aUelomorphs or alleles. i i ■ . 

The particulate nature of inheritance enables calculations to be 

made i to the propottious of oSpring of different tys« ui 
different generations after a crc^. Like the atomic t ory in 
chemistry, it is the basis of quantitative treatment. 

The hereditary particles or genes are located withm the v^hk 
chromosomes, whose mantrimcs dismbutc their 
genes equally to all cells of the body, and deternunc the quanti- 
Urivc details of Mendel’s lav,-s. Within a particular chromosome, 
each gene has its appointed place, which it keeps 
(apart from rare rcanangements; pp. 89 seq ). ^ ’ 

study of the giant chromosomes in the sahvary glands has co^ 

.Jd fron. ,n unfavourable in® “ 

favonrable cytolosiaal object k ia now porable in tbs genus to 
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chcdc genetic propbcdcs cytoJogically md cytological prophecies 
g^tically, in a remarL^biy complete and deuiled way* (For the 
cytolpgioJ basis of heredity see DarlingtoTip 1937; briefer treat¬ 
ment in M. J. D. White; 1937.) 

It used to be inugined that the predse arrangement of the 
genes within the chromosomes was biologically irrelevant, 
To-slay, however* we know that this is not so. Genes (all or many 
of them) have somewhat diHeteut acdoos according 10 what 
neighbours they possess. This is the scHcalled. position effect 
(p. as), which* only recently discovered, will probably turn out 
to be widespread, although in some organisms (such as mam;] 
it doa not seem to occur. Where it occurs^ it is Likely to be of 
fundatnental importance as wcU^ since the rrarrangement of 
blocks of genes (sections of chromcKSomes) within, the chromo¬ 
some outfit (p. 89), though considerably rarer than gcnc-mutarion, 
is not infreejuent in the long ptTsj’K.'ctnc nt CA'oIvitioii; and tiuF^ 
through the position effects which it frequently causes^ provides 
a large and previously unsuspected source of variability and 
potential evolutionary change. Its contributionj however, must 
be much les varied and much less abundant than that of gene- 
mutation (Muller, 1940)** 

This does not afFca the basic conoeption of the gene as particu¬ 
late. Genes are in many ways as unitary as atoms, although we 
Cannot isolate single genes. They do not grade into each other: 
but they vary in their acticn in accordance with their mutual 
relations. In this they arc again like aconis: the chemical behaviour 
of a compound will be altered wlicti wc transfer an atom from 
one position to another in the molecule, even though the sub¬ 
stantive coDsdmtion of the molecule remains unchanged. Thus die 
whole is not merely the sum of its parts: it is also their relation. 

The discreteness of the genes may prove to be nothing more 

h s|>cciaL Qic of poAirioni effect n the iric^ificaiion of varicgition (itijOiaidsM) 
of vanoi^ M>it5 in Dri7jojsh:Eidp edited on v.iriEsu gcftn if t ramiomed into proK- 
Unity with l]m;?rodiroiJiJti]| rcgkiui of iJic rhtomnjoftici]. SdnilEj'i 

{j ^ j) it cLrar that thn k r^iued by 3, in ibc nuctcic jnnd 

metahob^ of the tncuiocafcd rci^icm, and that ih» ext^ts irt cffcco in early 
by pming a process akin to ifuccivaiioii of' the gcnei 
involved. The degrtre of thu inactlvarkni dccrcavrs the dis^ccc from rhe 

point aiid rc-ULUon with the uicrt tegiofl. 
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than the presence of predetermined zones of breakage at small 
and moit; or less regular distances along the chromosomes. For 
the mdepcndcrit hereditary behaviour of genes, from which their 
discreteness is deduced, Is due to two facts- When the genes to 
be tested are in difictent kinds of chromosomes, their independ¬ 
ence: is due merely to the independent bcfctviouir of the two 
chromosomes. But when they arc both in the same kind of 
chromosonirc, their indcpctidence depends on what is known as 
crossing-over* Prior to the formation of reproductive cells* tlie 
two homologous chromosomes of each kind pair together. 
Where they touch, they may break and exchange segments; in 
the daughter-chromosomes the kinds of genes and their order 
remain as beforc> but one or more blociu of gjenes from one 
chromosome wiU have exchanged places with precisely corre^ 
sponding blocks of genes from the other. The breaks do not 
always occur in the same place. If there is more than one break 
in a cbrosnosomc-^pair, the second break is at a considerable 
distance from the first; thus breaks can normally not occur on 
both sides of a single gene. What happens is thus that genes arc 
separated from their erstwhile neighbours in a chromosome by 
these breaks; and it iS the fact that bieaks may occur at different 
places in die chromosome which makes it pcsssible for any gpic 
in a chromosome to be separated from iK neighbours and thus 
to be mbcritcd independently* Knowing this* we may put the 
matter the other way round, and say that the process of exchange 
of sections after breaking* and the fact that breakage only occurs 
at certain spots* determines what we call the gene (sec discussion 
in Griineberg. 1937); a gen& 4 imt h thus a section of the chromo¬ 
some between two adjacent sites of potential breakage at crossitig- 
over,* 

The chromosomes may thus be looked on as **supcr-^moIecuks * 
built up out of a scri^ of tcgioiii, each region marked off by 
ioncs of potential breakage. The pordous of these regions which 
we can recognize by their effects in hihentaiice arc what we 

* It J3 tboug^i trot fiiily tbit die bfcala und^flying^ ipcuuisjJi 

imy noi invarbbly with thtf Htia of poteinial EMtaae 

Lfthderlyhig cfiQs$iiig-^vfr. If So, iccriDiiil inay actually 

br^ak gt'Tis?* ii+ two ^IVlyUcr^ Ra&l ind Muikr, 194°)^ 
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call genes. Rearrangement of the legions, as well as change widiiii 
a single region, or the loss of duplication of a region or set of 
regions, can and normally will c^use alteradons in the action of 
the chromosome and its parts on the developing organism. 
Similarly the doubling of the whole chromosome-oueht, by pro¬ 
ducing a different rdadon between genc-outtit and cytoplasm* 
will also alter the characters of the otganism. 

The number of genes b much larger than was originally 
imagined. Drtfsopliifa is the only organbm where adequate 
quantitative knowledge is avaikbk. ^cral recent estimates, 
based on different methods of approach (sec summary in Gulick* 
19 j 8), vary &om a minimum of over z^ooo to a maximum of well 
under 13,000, with a probable number of about 5,000, for this 
minute insect The size of a Dr0sophila gene must be between 
10“^ and jo“^ and probably between ro^" and 10”® 
equivalent to some 10 medluin^izcd protein molecules (see also 
Lea, 1940). In some other organisms {Lilium) the genes may be 
larger, and in others more numerous (e.g. in man, perhaps 4 to 
6 times more so than in It will be seen what astro¬ 

nomical possibilities of recombination and mutual interaction 
are afforded by an assemblage of this magnitude. 

A genc^mutatiOD will then be any intrinsic change in substance 
or scrticture, aSeedng xh^ mode of action of one of these unit^ 
regions. 

One of the notable biological discoveries of the last few years 
waj that of MuUcr, on the effect of X-rays in producing gene- 
mutadons. The ordinary rate of mutation can by this means be 
multiplied a hundred-and-fifcy fold, and a certain number of 
wholly new mutations, in addition to many already known, arc 
produced. It is, however, interesting, in view of our discussion, 
to note that X-rays also induce the rearrangement of chromo- 
sotne-sectiotts by translocation, inversion, etc* In view of the 
assertions of certain biologists thar mutation is of its essence 
padiologicaJ, it should be mentioned that X-ray treatment can 
produce reverse mutation—Le* cause a previously mutated gene 
to revert to normal [Patterson and Muller, 1930- Timofeeff- 
Rcssovsky, 193^11, 1937), Comment is needless. 
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Timakov {1941) in wild Dr&sophik has detected a gene increase 
ing mutadon-ratc at least 40 rimeSp and possibly to a level liigher 
than that induced by X-rays. 

The fact that the genes and their airajigement normally remam 
constantp until altered by some kind of mutation (after which 
they again remain constant in their new form until a further 
mutation supccvctics), accounts for the resemblance between 
parents and offspring, The face of Mendclian recombkiation, by 
which new combinations of old genes are produced according to 
MendeFs second law {and to the rules of crossing-over)» accounts 
for die great majoriiy of tlie differences between parents and 
offspnng, and between members of a family or population. B ut 
gene-mutationp though a rare event, appears to account foe most 
that is truly new in evolution* Under the head of gene-mutation^ 
position-effect: due to very small sectional rearcangcrneiits can 
legitimately be included, since it involves a structunil eltange 
and a novel effect; further, it cannot for practical reasons be 
excluded, since there is at present in many eases no possibihty of 
distinguishing between it and true gene-mutation. Rceombination 
also may in certain eases produce evolutionary iiovchy, for 
instance after a cross between t^vo previously isolated types. 
Finally, as we shall see hiter» hybridizationp with no subsequent 
recombination, may sometimes be responsible for cvolntionary 
change (Cl^p. 6, § 9)* 

However, genc-rautatiom (including position-effects) appear 
to be the most important source of novelty in evolution, and we 
muse now say a Utdc more about them. 

In the first pLioc, no trace has been found in Dmsflpljifi?, where 
analysis has been pushed to an extraordinary pitch of refinement, 
of any characters not dependent on chromosomal (and therefore 
iiiendclizing) differences (Muller, [940)* Secondly, aldiough 
complete proof cannot be offered, the presumptionp in the 
absence of evidence to the conDar)r% is that mendelizing gci^e- 
diflereuccs owe their origin to mutation: up to the present we 
know of no otlicr way by which they could have come into 
existence. 

Fiii,ii!y. a nuntWr of nuuations arc hiiowu which are roiiglily 
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neutral, or actually or potcimally useful (pp. i il*. 44 v)* lu barky, 
Gusuf^n (194,1) induced by X-rays three mutations which 
increased yield, one of tlicm markedly. Among those which are 
potentially usefiil a few cases may be mentioned here. Banta and 
Wood (1938) discovered a “thcmial race” of the crustacean 
Dapkrtia Jongispimt which had its optimum 6^-8^ C. higher and 
its thermal death-point s^C, higher than the loDg-established 
parthenogenedc strain from which it originated. It was also 
immohilized more ^uichly by low temperatures. Thus it was 
potentially adapted to a warmer environment than its parent 
trrain. its Origin from searually inbred individuals showed that it 
depended upon a recessive mutation arising during die lot^ 
preceding period of parthenogenedc reproduction. Other more 
immediately useful mutadons arose in the same way, e.g. some 
causing greater fertility and others greater longevity (Davenport, 
1928). 

Very important results were obtained by johannsen (1913) in 
followit^ up his classical researches on pure tines for seed- 
weight in beans. As is wdl known (sec Johannsen, 1926), he 
showed that die prime effect of selection in a mixed populadon 
was to isolate pure hues, and diac further selecdon then had no 
further effect, in the absence of mutation. But he also showed that 
tnutadons might occur in pure lines, and might then be selected. 
During his experiments, two mutations, one for higher and one 
for lower seed-weight, were detected and “captuicd" by his 
scicedon for high low seed-weight respeedvely. 

Another interesting case is that of tii variety of tobacco 
originated apparendy by mutadon, described by Gamer and 
AU^d (1920), This did not dower at all in its place of origin 
(W.vhington); but when the daily period of light was icduced 
to twnVve houts, it Bowered and set seed better than the stock 
from which it had arisen. In other words, it was potentially better 
adapted dun the parent stock to more tropical ladtudcs. 

Sdll another case is the mutadon described by McEwen (1937) 
in Drosaphilat which abolishes the By's phototcopism. This 
would be adaptive in dark surrounding it is noteworthy that 
this last effect is produced by the same recessive mutation that 
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changes ihc budy-coloar to tan: thus hetc a useless visible effect 
is correlated witli a potcnttaJly useful physiological effect (a 
“correlated character" in Darviili’s usage). 

Of nicndclizing differences, alike in domestic and wild species, 
which are actually or potentially favourable, there is an abund¬ 
ance. We need only tliink of the genes producing small and 
large size in poultry (Punnetc and Bailey. 1&14); tliosc producing 
the specific difTenciiccs between the two species of snapdragon 
crossed by Baur (1923); the mimetic polymorphic forms of 
various butterflies (p. i 0 i); tlie different forms of hctcrostylcd 
flowers such as primrose and loosestrife (Lyf/mifli); the 

single-brooded and double-brooded condition in silkworms, 
and so oil An interesting case of a Dt^s^phila mutant establishing 
itself ill considembte numbers in the wild is the vermilion-eyed 
type of D. hydei fSpencer, 1932)- This mutant must be very 
delicately balanced in its selective relations. The recent cstabluli- 
ment of other marked mutant t^pcs, like the black hamster, the 
black Tasmanian opossum, the fimpk'JC-toothcd field-vole, etc,, are 
discussed later (pp. 103^, 203)- In our own species, the work of 
Blakcslce and his collaborators (see Blakeslcc and Fox, 1932) has 
established the existence of remarkable diaercnccs, apparently 
tnendclian, in sensitivity of taste and smell in regard to various 
chemical compounds and natural odours. These seem under 
present conditions to be, in themselves, somewhat selectively 
neutral. Later work (Fisher. Ford and Huxley, 193?) has shown 
that ill chi mpai izecs not only are the same di^ cences found, but 
tastt'cs and noii-tastcrs occur in about tlie same proportions as 
in man^losc to 3:1. This appears to indicate a stable balance 
between the two conditions, and one depending upon some 
advantage, of unknown nafure, enjoyed by the hctcrozygotes. 
The different blood-group genes would seem to fall into a some¬ 
what similar category, though here the proportions vary mark^y 
ill different populations: some of these genes occur abft in variiHis 
lower mammals. 

Many differences between “goiid" species have also been shown 
to depend on mcndclizing gene-diffcrcnocs (see Goldsclimid , 
T92!3, Chap. 15: Haldane. 1932*1, Chap. 3; Umpreclit, 1941)- 
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Further, an increasing Dunibcr of characters once held to be 
tion-mendeliaii arc being showiii to depend on mcndclian genes 
(c.g. the multiple factors influencing the hooded pattcnj in rats* 
p. 65; the distinedve cluraciers of wild subspecies of the deer- 
mouse PerQmfiCus); and indeed wherever Fa shows greater 
variahility than Fi, inheritance must be pardcobte* Thus it may 
be legidniately argued that the majority of all inherited characters 
must rest on a nieiidelian basis. Even in the present incompkic 
state of our knowledge, there arc strong presumptive grounds for 
this asaertion, so that the onus of proof now lies on those who 
would tnaintain the contrary in any particukr case. 

In addition, initially deleterious factors can be rendered useful 
by generic-evolutionary methods which we shall discuss in 
subsequent sections of this chapter. 

Finally, mutatiom, while they smu to occur more readily in 
certain dkectiom than in others {Chapter 9), can be legitimately 
said to be random with regard to evolution. That is to say, the 
directions of the changes produced by them appear to be unre¬ 
lated either to the diiectzou of the evolutionary change to be 
ob^rved in the type, or to the adaptive or functional needs of 
the organism! Evolutionary direction has to be imposed on 
random mutation through the sifting and therefore guiding 
action of seIBCti^m. It h, of coursCi possible that as the laborious 
technique of testing for mutation-rate is extended to more 
specks, certain mutations may be discovered which show very 
much higher rates than others. However, the general agreement 
already found between organkms so diflerent as a motiocotyle- 
donous angiospenup an insect, and a mammal would indicate 
that in most spedes we may expect to find some mutations 
occurring at a race of 1 in 10^ individuals or even higher, and 
many genes with a mutation-frequency of about i in lol Occa- 
rional genes with much higher mutarion-rates occur (sec summary 
in Dobzhansky, 1937, Chapter 2), and some gctics promote 
increased mutation-frequency in odiet genes. In cotton, hybrid¬ 
ization may increase the mutation-frequency of certain genes 
(Harland, 1936). Mutation-frequency must in some way be 
balanced against length of life; otherwise the chromosomes of 
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long-lived jpecies would become crowded witli Icthals before 
reproduction (Dobzhamky, 1537, p. 33 )- Again, die imitation- 
f^j liaemophilia in man is on the same scale as diat for most 
DrosephiU genes if computed per life-cycle, but much losvcr 
on the basis of time (Haldane, I93sf')- Certainly species vary in 
mutation-rate! thus the fern Nephffiltpis exsltatii has produced 
many more mutants than any other species of the gpnus {Bene¬ 
dict, 1931}, Zuidn (1941) in Dtosophiia finds that muiation-rate 
is increased by sudden ciivironiiicntal changes (see p. 13"). 

With mutation-cates of this order of magnitude, evolution 
must always be a somewhat slow process, judged in terms of 
years, but its speed in relation to geological rime will be quite 
adequate. R. A. Fisher (1930^. ^ 93 ^) has discussed the matter in 
a general way. He clears the ground by pointing out that blend¬ 
ing inheritance,** which was currently postubted in Darwin's 
day, would be constantly aimuUing variabUity: to be accurate, 
the variance (in the absence of selective mating) would be halved 
in each gencrarion. As a result, new genetic variations (ix. what 
we should to-day call mutations) would have to be exceedingly 
abundant—far in excess of anything observed in actual fact— 
to produce ilic variance actually observed, and any variabtUty 
available for selection to act upon would have to be of very 
recent origin. It was largely for these reasons that Darwin 
ascribed so high an influence to “the direct effects of envuon- 

Tbe discovery that inheritance is almost entirely particulate 
and non-bknding removes these diScultks, so that in point of 
fact the rise of Mcndelism, fat from bemg antagonistic to Dar¬ 
winian views (as was claimed, notably by the early Mendclians 
themselves, in the years immediately following tts rediscovery), 
a selectionist interpreurion of evolution far simpler. In 
mathematical language, it indefinitely conserves much genetic 
variance instead of rapidly dissipating it, and thus amasses material 
on which selection can work.* Farther, if particuLne mhcritan<3c 
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and discontinuous mutation as tlicy are known at the present 
rime arc the general bash of genetics and variation, selectionist 
views also gain support over those strictly to be called ortho- 
genetic (Cliapccr 9), in which the direction of mutation itself 
is supposed to determine the course of evolution, and over those 
to be called Lamarckian, in wliich the cf&cis of use and function 
arc supposed to be inherited. For no rate of hereditary change 
hititerto observed in nature would liavc any evolutionary effect 
in the teeth of even the slightest degree of adverse selection. 
Either mutation-rates many times hi^r than any as yet detected 
must be sometimes operative, or else the observed results can be 
far belter accounted for by selection. A inutauon widi par dal 
dominance occurring once in 10* individuals will, if selectively 
neutral, take a period of somewhat over lO® generations to estab¬ 
lish itself in half the individuals of the specks. If tlirrc were the 
faintest adverse selection against it, it could never increase at all. 
But if it conferred an advantage of only i per cent—i.c. if au 
individual bearing one such mutant gene Inis an expectation of 
reproducing itself which is only 1 per cent liiglier than tliose 
without the mutant gene, then it would establish itself in half 
the individuals of the species in a period of only about 10- genera¬ 
tions (R. A, Fislicr, ipjOd; Haldane, I9j2a). Fisher (i937t) lias 
also made interesting studies on the form of the wave by whicli 
advantageous genes advance. 

Haldame (r^erenccs and summary in appendix to Haldane, 
193211) has made a number of valuable theoretical studies on the 
rate of evolutionary clunge to be expected witli various given 
degrees of selective advantage for autosomal domiuaiits and 
reocssives and other types of mutations. One important conclitsioii 
is [hat intense compeddon favours variable or plasdc icspotuie to 
the cnvironmeDt rather than high average response. This presum¬ 
ably helps to explain the large variability to be found in many 
natural populations. 

For ordinary natural selection involving a simple doniinant 
with a selective advantage of i in i,aoo {i.c. where die ratio of 
domiirant to teocsdve chaijgcs from i to i *001 in each genera¬ 
tion) it wrill take nearly j,ooo genciadons to iucroasc die pro- 
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portion of the dominant from i to fo per cent, and nearly 12,000 
more to raise it to per cent. For an advantage of i in 100 the 
nuDibcr itf generations mint be divided by 10. In the early 
stages of selection of a single mutation with constant e^cts, when 
the gene is sdll very rare, dominants can spread much more 
rapidly than puie lecessives, unless a certain degree of inbreeding 
occurs. 

These results may be actualized in certain eases: e.g. in dominant 
melanism (p. 9j) when conditions alter so as to favour the 
mclanic mutant, the rate of change in the constitution of the 
population is of the order deduced. However, Haldane’s detailed 
conclusioins am trot likely to be so directly applicable to cvolu^ 
rionary problems as was thought at the nme, ^ce we now realize 
that donunaucc or rcoesaivity are themselves in large measure a 
result of evolution, produced in responm to the delcEerious nature 
of most mutadom {p. 75). The mutations that arc of value for 
evolution will in most caMw be of very small extent, of slight 
effect, and often at least of incomplete dominance or reoessiveness. 
Further, we are now realizing that cvoludon will in general 
proceed, not by the selection of single mutations, but by the 
selection of mutations tn relation to a favourable combination 
of existing small gcno-difierences, or in many cases by the selection 
of such new recombinations alone, to be followed later if occasion 
offeis by appropriate new mutations (p. 124). According to 
R. A. Fi^er, tiiis process will be considerably quicker than that 
of the selection of single reecssives, which are the commonest 
obvious mutations found, and accordingly were, when Haldane 
wrote, usually considered to be the main source of evolutionary 
variance. 

It will be observed that the amount of variance provided by 
mutation will, with a constant mutation-rate, vary directly with 
the size of the population. In a given time, tbereforc, a tare 
spedcs cannot lay hands on the same store of mutations as would 
be available to an abundant species. The problem of the relation 
of size of populatiou to evolution ts, however, much more 
complex than this {sec p. 200; R. A. Fisher, ipjoa. Chap. +, and 
i9J7d: Scwall Wright, 193*. 193 ^. 1940).We must consider how 
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mucK varijiice a population can bold, as well as how niiich 
variance it is provided with by mutatiDn. 

Many rare mutations must be cxtingtiisbed by mere raJidom 
loss: die indi\iduals or ganieces containing them fail to reproduce- 
There tnusE always be a tendency for "minority geneSt which 
ire present in low frequendes. to be lost from the germ-plasm 
by such accideiital extmerion if of no selective advantage. Even 
with a defrnitc selective advantage such as i per cent, which is of 
the order of magnitude for rapid evoludonary change > the 
chances are strongly against a lone mutation surviving in the 
spcdcs (sec. e,g., Haldane, I 9 i 9 ^)- Muuriotis with a deleterious 
effect wiU of course be lost duougb selection, the rate of loss 
depending on the intensity of the effect. 

Thus repeated mutadon (i.c. a definite muurion-rate) together 
with a comidcrablc-sizcd population, arc necessary for new 
mutadoits to have an evoludouary chance.* Such abundant 
spcdcs as have been analysed prove to be canying a surprisingly 
large number of recessive muutions in dicir germ-plasm (see 
p. 75, and Dobritansty, 1937, Chap. 3). 

In addition^ the probability of mere accident playing a part in 
the actual survival of particular genes or genc-combinarions is 
enhanced in small populadons. Tliis has been especially empha¬ 
sized by Wright, who points out that we should expect to see. 
in the case of small species or isolated subspecies, certain types of 
useless or even deleterious change, which would not occur in an 
abundant fomu becoming incorporated in the coosdtucion 
through chance recombination. 

Already in 191a Lloyd had d^overed instances of this process 
of accidental muldplindon and decline of mutant genes, but 
without realizing its full tlicorcdcal implicadons; and hy 1918 
Muller liad drawn general attention to its inipoctancc. SewaU 

* R. Fulitr pfliiiB out thit ihe rwmkf of the rare apjproxiimtely 

nciitnl igeoes by a speciei increasa rougbJy as [be ^ogarkhin of iti popu- 

btioiir^se. Sueb however^ will only amt observahk vaiiabiHry of any 

QUipiitiuk if they an increase tbeii fitqHmtyf is will o«iir if they are slightly 
iivourabk: or if chingcdi coudidons cause dicoi co beeome so, Tlitis, ^ Ford 
(E 940 r, ^9} ppiun out, inaeased vuiibiliiy ucribabk to larjge popuktion-iiie 

depeodi on geuef sciually m^fcd in ciusing evolutionary diai^« acd the 
ol^crvcd fict of such increiKd vajiibiliry demoostrues che spread in nature of 
wicb loiaU advmngieoiii tSitcu- 
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Wright lattr christened the process “drift”, and worked out its 
consequences in full detail (see Wrighr, 1940). 

What may be regarded as the converse of the Sc wall Wright 
phenomenon of drift in small popubcions is the impossibility of 
securing good results in artificial selection when only small 
numbers are employed. This, the general experience of poultry- 
breeders, has been confirmed by Hays (1940) in definite experi¬ 
ments designed to test the point. Using a flock never exceeding 
50 birds, and often much smaller, he was unable in the course of 
eight generations to raise egg-production, though marked pro¬ 
gress can be obtained by using large flocks. Apparently the 
numerous genes needed for the requisite multiple genc-comblna- 
tiens arc not available in such small popubdotiSi In some charac¬ 
ters involved in fecundity, indeed, the eflbet was contrary to the 
direction of selection-—a result comparable with the deleterious 
changes sometimes seen in small populations in nature (p. 30 l). 

The smaller the size of a natural popubtion and the more 
perfectly it is isobted the mote likely is drift to |nocecd to its 
limit, resulting either in the compbte loss of a mutation from 
the group, or its fixation in all the individuals of the group— 
accompanied, of course, by the complete loss of its normal allele. 

In iKger and less isobted popubrions, however, drift will 
normally proceed only within hmits, causing the frequency of a 
gene to fluctuate round a position of equibhrium. This equi¬ 
librium-frequency wUl be determined by the balance between the 
two opposing processes of mutanon-frequency on the one hand 
and adverse selcctjon on the other, while, as we have seen, 
popubtion-sizc will also have an eSect. Thus in Urg^ popubrions, 
slightly deleterious mutations may be present with teasonable 
frequency, especially when re cess ive, and will then constitute a 
reservoir of potential evolutionary change, since their unfavwir- 
abie effects can gcneraliy be neutralbcd by approprbte combina¬ 
tions of modifiers (pp. 68 seq.). ^ 

In some cases, as with haemophilia and other sex-linked 
recessives in man, we know that the effect of a mutant gene is so 
debterious that a compararivcly high mutanoit-piessure must 
be postubced to account for its frequency. In other cases, changes 
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in extcroA] cnvironnicnl will alter the amount or cych the sign 
of the selcction-pressuic on the genc^ Thus an increase in temper¬ 
ature would favour the spread of the ^^thennal race of £)dplirjiiJ 
mtQtioiieid OQ p. js, while the lowering of temperature during 
the glacial period has doubtlca led to autopolyploids replacing 
diploids at high latitudes in many plant specks (p. 337)* 

The same wiU be true of changes in the internal environment. 
Genes may have iheir expression altered by modifiers so as 
cntirclv to change ihrir selective value (pp. 68 scq.). 

McanwhUe it is important to realuc that the frequency of 
mutant genes represents an equilibrium between mutadon- 
frequency and relcction, that variabibty represents a finther 
equilibrium between recombmaQon and sclecrion, and that the 
size and structure of the population wiU have effects chi both 
these equilibria. 

We shall revert bter to this last point. Here we will merely 
mention the important conclusion established by Scwall Wright 
(see Wright, I940<7)t thai ihc greatest amount of evolutionary 
potentiality is available to large spedes divided into pardaliy 
discontinuous groups (subspecies etc.). The partial isoladon 
beiween the groups favours diversity by local adaptation and also 
by drift and the establishment of non-adaptive recombinadons; 
while the fact that it is only partial implks that the variance 
provided by all the diversiry takra together is potentially available 
CO the species as a whole. 

Recent work has emphasized the importance of studies of 
populatioa-structure for understanding the precise way in which 
evolution will operate in any particular species. Thus to take but 
two examples, Dobzhansky (1941} points out that certain theo¬ 
retical calculations as to the relation between the mutation-rate 
and the number oflechals actually found in a population will only 
hold in unlimited populations. As the size of the normally in¬ 
breeding population is decreased, the number of lethals goes up. 
In Drosophila pseudoohseurOf using this method, be was able to 
show that the size of inbreeding popuktioti-gtoups was quite 
different in California and in Central America. A re^on vritb 
smaller size of population-group will show greater divergence 
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between its coiistitiient popukdons and these will each show 
greater variabUity in dme; further, in such » region, the 
as a whole can only change throi^ the migration and sekedon 
of superior genotypes from small colonies. In general, the size 
of the consdtuent populadon-gtoups seems to be astonishingly 
small tor an organism wiih such capacities for distiiburion (see 
alsti pp, 

Til Dfcsophila hytlfi the situarion is rather dificrent (Spencer, 
1941). This is a tropical species which has become widely estab¬ 
lished in U.S*A. as a hanger-on of urban man. Each city and town 
is the focus of a single population-group. Each such popuktion- 
group passes through ttemendous fluctuations in size, beconung 
quite small in winter. It is improbable that gpncdc equilibrium is 
ever reached within such markedly fluctuating grou^, and the 
tapid increases in numbers give abundant opportunity for the 
spread of new genes even against sclection-pressurt. Analysis 
showed, as was expected, that different populations difered 
markedly in the type and number of mutant genes that they 
contd^ed- 

As Dobzhansky points out. we may say on the basis of such 
analysis that one of the most important recent evolutionary events 
has been the merging in die human species of small popuktion- 
groups in a more or less freely interbreeding whole. 

In general it soems clear that from the standpoint of mathe¬ 
matical theory, existing mutation-rates will in moderately 
abundAnC ^pocics suffice, with the aid of sclccriott* for the 
rinctly slow processes of evolutionary change to be observed in 

This statement is a deductive one made on theoretical grounds 
from the standpoint of mathematical analysis. In the remainikr 
of this chapter we shaU deal with more concrete aspects ot the 
relation between Mcndelism and evolution. 

* In a «ock like that the hone*, whith ibowj > funrti^ solution that 
by mus. be cdkd the mio to 

of n of the order of iOO.O« 

magnitude of the order of i.oco.000 genefattooi (Welli. Hiafcy and 

Wells, 1930, Book 4. «>• 
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2 . GENES AND CHAlACTESS 


A great deal of water has flowed under the bridges of biology 
since the early dap of mendelian work, when raendelian factors 
were rigidly equated with mendcliang characters when only 
two states of a given gene were recognized, the dominant being 
supposed to fcprcscnt its presence and the recessive its abscnceT 
and when all mutadom and all mcndciian genes were supposed 
to have considerable and obviously discondnuous cf&cts.* 

To-day the notion of mcndciian characters has been endrely 
dropped (sec, for instance, Sinnott and Dunn, 193Z, p. 301). The 
tcmi may occasionally serve as a usefij] piece of shorthand 
notation, but is m point of fact a false concepdon. In the first 
place, a single gene may affect a number of charactcis, a phenome¬ 
non known as plciouopbm. Griincbcrg (1938), in an ifluminadng 
analysis, points out that plciotropic effects may be realized in 
t^e different wap. In the first place, a gene may exert a direct 
effect on two or more distinct processes. The example of the 
effect of the scries of white cye^oloui allelomorphs in DrasaphOa, 
which also exert an effect on the shape of the spemiatheca. is 
probably an example of this category. Secondly, a gene may 
exert a direct effect on a single process, but in many different 
sues and condidons. This holds for the primary action of the 
gene studied by Gruneberg (1938) in the rat. which causes 
hyperplasia and abnormal growth of cartilage in the ribs, 
Hachca, and elsewhere. Another and even more striking is 
c array of anomalies in such dificrent organs eyes and feet^ 
ound in a particukr strain of mice, which Bonnevie (1934) has 
snow'n ate due to alteradou in a single developmental mechanism, 
namely the causing of embryonic blebs of fluid at a patticuiar 
stage ofembry-onic development, 

most interesting examples for oui purpose, however, 
bclmig to the third category, of indirect effects. A gene acerts 
a pnniary direct effect, and this then causes numerous secondary 
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cSects. Gruneberg’s gene in the rat his a hyperplastic anomaly of 
cartilage as its ptimaty effect. But among the sccoadary ejects 
are such varied "characters” as emphysema, hypertrophy of the 
right vcutriclei blocked nostrils, and incampletely occluded 
Lndsor teeth.* 

An equally good example is that of the frizzled breed of fowl 
(p. II8}. Here the primary effect is entirely on the feathen^ as 
the secondary eSect of the resultant abnormal heat loss, we find 
(in temperate cUmates) marked thyroid and adrenal enlargement, 
subnonnal body-temperature, and much increased food-Lutake. 

Such secondary efiects are cxcelleat examples of what Darwin 
called “eorrelabcd characters", which may be of great evo¬ 
lutionary importance (pp. t 88, ao6, 533). 

Furthermore, any given character represents the end-result of 
a great number of genes mtcractmg with the environment during 
development, and is not inherited as such. What is investigated 
in any genetic experiment Is the inherited basis for a constant 
character-differenoe. Thus a ckaTocter-iliJference may be said to 
be jiihcrkvd in ineiidclian fashion, while the (ImKith r cannot but 
even so the differential effect of a patticuiat gene on the character 
need not by any means always be the same. It may alter according 
to difiercnces in the enviromnent, and also according to differ¬ 
ences in the remainder of the gene-complex. As an example oi 
the first, we may take the well worked out case of "abnormal 
abdomen" in Drosophila (T. H. Morgan, 1015). This effect 
depends on a single partially dominant sex-linked gpne; but it is 
only maniicsted in moist condirions. In dry conditions dies pure 
for the gene appear perfectly normal, while intermediates are 
produced by varying degrees of moisture (see Gordon and Sang, 
1941, on the similar case of aitienrwtess'^. 

An equally striking botanical case is that of a type of albinism 
in barley (Collins, 1927), dependent on a singk gene. When 
grown bebw 6*3* C. the plants entirely lack chlorophyll, while 

*■ Wiiliijuigron {]94ld) poicQ ottc cImc cntaia antofenctic cvexvts ict n 
geuede cni€i*\ m t2ut quite digjit mja^lificsLtKKRs cf tbrii counc will have a 
coqndmbir cfet <m a Dumber df doiikctm. Tina altcmiow in the pupd 
codunedon of Droiopkik arc iirralTcd in mutuH charaden df win^, 
brUUo, etc. 
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above iS®C, they arc quite nonnaL Between these limits the 
mutants produce a graded amount of chlorophyll. Baur s ckssical 
case (19^3) in /Vrlmiflo sinensis has now been shown to be due to 
faulty experimcntatioiL For other plant cases sec Lawrence and 
Price (1940), In Himalayan rabbits and Siamese cats (both simple 
recessives) black: pigment is produced only below a certain 
threshold tempexamre. Nonnally only the extremities fall below 
this; but Djin (1927, 1930) has experimentally prciduced pale 
extremities, and black on the body. Another Drffsopfiila example 
h sfwrt-wing, a sex-linked refecssive which at 27.5° C. markedly 
reduces wing-length and affects eye-development. However, the 
effect falls away with temperature and is absent at 14“ C, (Eker, 
I9J5). Thus environmental changes may either ma^ or bring 
our the results of genetic difference. We must therefore distin¬ 
guish carefully between the nature of the gene and its ea-pressien. 
The gene itself can only alter by mutation; but its expression can 
be affected in a number of ways. 

The most revolutionary change has come in regard to the way 
in which the expression of a gene can be altered by other genes. 
The discovery of this faa has given ns the two flmda mental 
concepts of genic balance and the gene-complex. Thus the internal 
or genetic eDvirotmient of a gene may produce effects upon its 
exp^oti which are as striking as those induced by the external 
environment, and of course very much more important from the 
point of view of evolution. 

By genic balance we imply that individual genes act, not 
absolutely, in virtue sokly of titcir inberent qualities, but rela¬ 
tively, in virtue of tlieii mceraction with other genes. The concept 
was ^ reached by studies on sex. It was at one time supposed 
that in Drosophila and odier forms with male heterogamety, one 
X-chromosomc automatically determined makness, and two 
femakness, It has since been shown, however, that it is the 
balance of the X<hroniosomes to the autosomes (A) which is 
operative. A ratio of i X to 2 A produces malcness, of i X to 
1 A produces fcmafcness; while one of 1 X to about i - 5 A pro¬ 
duces intersexuality: Sterile “super-males" and “super-females" 
am produced by ratios of i X to over 2 A and under i A 
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rcspecrivc]y. Here we can deduce that scx-dctermijiarion is 
cfFectcd by the quandudvc ratio between sets of malenjcterntlriing 
and fermle^deteTmimiig genes^ though wc do tiot know how 
many separate genes are involved in each set* 

The principle^ however, appears to be of tuuvcrsal application: 
the effect prodijced by any g^c depends on other genes with 
wrhich it happens to be ccHOpcradng. The d&cts of modifying 
genes are the most striking examples* 

A classical case of the kind is the alteiadon in the hooded pattern 
of rats by modifiers {Castle and PincuSp 1928). The baric gene 
remains the same, but its effects may be reduced to a few specks 
of black on the head, or progrcsrively extended over the whole 
back and most of the belly, by the agency of accessory gpnes* 
In cotton (Cojjypfiiifi) differences in leaf-shape liavc been evolved 
in a precisely similar way (Silow, 1941). 

Extending this conarpt, we reach diat of the genc-cotnplex. 
The environment of a gene must mclnde many, perhaps all other 
genes, in ail the chromosomeSp This getie-complex may he altered 
in numerous ways by mutadon or FCCombinadon so as to modify 
the effects and mode ofacdon of particular genes, whether well- 
established ones or new mutadons* We can thus distmguish 
between the generic and the somadc etivironmcnt of genes- 
Further, it is now known that a gictie can exist in a great variety 
of allelomorphic forms (alJelcs)* up to a dozen or more being 
known for single lod. The effects of these usually differ in a 
quanritarive way (though occasionally in a qualitadve way as 
wcll)^ and the steps between the various alleles may be very 
slight. Multiple alleles are, in general, taken to represent different 
states of a homologous material unit They thus consdtute one 
type of gene-differences with quite small effects. Many modifiers 
and cumulative factors such as those involved in quandtadve 
characters also have small effects* In many cases the actual origin 
of such small differentials by mutadon has been observed- Further, 
where a genc^ effect is small, the variadons of expression, due 
to environment and to other genes, may readily cause an overbp 
with the phenotypic expression of an allele or of another gene 
W 4 th rimikr type of expression. Thus though generic variability 

c 
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must be discondmious, ite expression in measurable characters 
may become continuous. 

Even mutations which in one genc-cotnplcx are pathological» 
in ajiother may be perfectly harmless, and in yet another advati- 
ti^cous. A striking example of this is providt^ by the woHc of 
M. Gordon (1931) on geoerie hybrids between the viviparous 
freshwater fishes Platypceciliis and Xipkophoms^ Some strains of 
the former possess a gene for the produedon of large pigment- 
cells with black pigment, responsible for a cettain type of spotted 
pttem. Wkn, however, this gene interacts with certain genes 
in the sword-t.iil {Xipkophoms), the pigtncnt-cells produce cancer- 
like mebnode tumours (Kosswig, 1929). 

Equally striking and curious results may occur as the result 
of the interaction of two gcnc-complexes in spccics-hybritUzadon- 
As an example of this, we may cite an incer generic pheasant cross 
recently described (Huxley, 1941!'). The cross was between a Lady 
Amherst pheasant {ChTysolophHS uni/iersliae} and an Inipcyan 
pheasant {Lophaphonts impeyanHs), and the hybrid was a ^nale. 
The coloration of the males of both parent species is not only 
brilliant but varied. Thus the Lady Amhcist cock has a black- 
and-wliitc extensible cape on the head, a strilctiig regional 
pattern on the body, and elaborately barred central tail feathers; 
while the impeyan cock is distinguished hy brilliant patches of 
burnished bronze, green, and blue-back on its upper parts, with 
white rump and buff tail. The hybrid, however, has most of its 
upper parts uniformly black, with mere traces of green and 
bronze iridescence, but neither regional patterning nor brilhant 
colouring. The lower parts and central tail feathers are mottled 
witli brown, grey and wliitc in various ways. Hiis simple colour- 
scheme, by the way, cannot be considered to have any rever- 
simiary or atavistic” significance whatever: it is simply that the 
delicately balanced genosystenrs respoiuible for the two cLborate 
patterns luve cancelled out, so to speak, to produce a wholly 
diflerCTi and almost uniform coloration. It may perhaps be 
nientiotied that in other cliaractcrs die hybrid is intermediate 
(e.g. tlic sliapc and size of die cape), and ui sdll others shows 
obvious dominano: (e.g, die bine face-skin of die Impeyan). 


MENDELJSM ANt> EVOLUTION 67 

what wc may call paitbl gcnc-complexcs may also arise in 
relation to the separate chromosomes into which the total gene- 
complex is diviflcd. This has been demomtrated by Mather {1941) 
as tegards what he tenns polygenic characters—i*c. quantitative 
charactcis dependent on the co-operation and interaction of 
numerous genes. In Drosophila, the number of ventral abdominal 
hairs can be changed by selection so as to trangtess the limits of 
normal variability in both plus and minus directions (cf. Castle^s 
hooded rats, p. 65), But the efiect of selection is exerted in two 
main stages. During the first two generations, a marked change 
is ellectcd, which Mather interprets as being due to recombination 
of whole chromosomes. Then, after a period of relative stability 
for two or three further generations, a fbether and mote marked 
change is produced, continuing for a number of generations; this 
appears to be due to recombination of originally linked genes 
forming polygenic combinations for hair-number. Diiferent 
polygenic combinations for this character have arisen in homo¬ 
logous chromosomes in difFertmt strains, each combination being 
balanced in that it contains both plus and minus modifiers of the 
character. Furdiermore, a number of such combinations will tend 
to co-exist in a spedcs with considerable out-crossing, since the 
delicacy of the balance (see below) is improved when the genes 
for a polygaiic character are hcceroTygous, When selection is 
practised, crossing-over provides new and extreme combinations, 
(Cf. the more fully isolated partial systems of Darlington; p, 3 da.) 

No such balanced polygenic combinations can be detected in 
the modifiers of ahnormd mutant charaners, such as bar eye. 
Mather suggests chat they will arise by natural selection in 
respect of s^d-cype characters, in order to prevent too great 
deviation from the normal, while at the same rime affording the 
possibility of change under sclctrion, through crossing-over 
providing a limited number of extreme recombinations. Such 
polygenic combinations, like other features of generic systems 
(cf. p. 13d), arc thus a coniprombe bemeen immediate individual 
fitness and long-tenn evolutionary plasticity. 

To sum up the evolutionary bcaruigs of recent discoveries 
about gene-complexes, wc may say that evolution not only need 
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not occtir by a scries of sharp single steps, but is not likely to do 
so: each such step is ininicdlately as u were, by ancillary 

clianges in genes and gcti<M:oiiibmatioiis which can act as inodU 
tiers for die major mutating gene and adjust it more or less com- 
plctcly to the needs of the organism, though final adjustment 
may have to wait upon further mutation. In any case, what 
evolves is the gene-complex: and it can do so in a series of small, 
if IfTcgular steps, so finely graded as to constitute a continuous 
ramp. 

When we reflect further that it is theoretically pt^iblc for a 
gene to alter its character radically by mutating step by small 
step from one member of a multiple allelomorph series to another, 
we sliall see that the discontinuity inherent in Mendclian genetics 
is no obstacle to tlic visible continuity revealed in palcantologlcal 
evolution. Discontinuous germinal changes are perfectly capable 
of producing continuous changes in somatic characters. Nor, as 
we shall set forth more fully later, is the pathological cliaracter 
of rnany mutarions at their first appearance necessarily a bar to 
their final evolutionary utiliiarion by the species. 

The divergence of two stocks will always involve the accumu¬ 
lation of different genes in the two lines, each buffered by special 
ntodifiers and adjusted in its own way to odicr genes: and this 
will inevitably lead to a certain amount of dbharmony on 
crossing, the Fi or bter generations being less fertile or less 
viable, or both (see discussion in Muller, 1939, 1940), The fact of 
internal adaptation within the gene-complex thus automatically 
helps CO bring about the mtcr-sterility of species. 

3. THE ALTTRAtlON OF GENIC EXPRESSION 

Let US take some examples of mutations, at first deleterious, bebg 
rendered innocuouSp One of the most striking cases occurs in the 
meal^moth Ephestia feuhmdla. Here a red-eyed mutant is known 
which shows considerably lowered viability. But when the 
rcccffiive gene for red eyes is combined witli anodier recessive 
gene for transparency of eyes, the double recessive is as viable 
as the normal wild type (Kuhn, 1934). 

A somewhat similar example conies from Dros&phita. The 
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mutation purple (eyc<olour) causes the dutation. of life to bo 
considerably reduced. Another mutation, ifftraiTcctingwing-shape^ 
produces nearly as great a reduction. But the two in combination 
cause much less reduction than cither separately (Gonzalez, 1923). 
The figures (for both sexes together) are as follows: 


Cents Lmglk ^ life {days) 

Pnrplc .. .. ,, ,, 24-54^ 0-18 

Arc .. 26 83 ±0*29 

Purple /arc . * * * .. 33 '7l ± 0^34 

(Wild-type . * * * ,. 39 *47 dz 0'28) 


Considering what severe effects are excried by the two genes 
separately, the favourable result of rheic combination is very 
striking.* Bricrlcy (193 8) Im worked out a means of determining 
the ‘'selective index'' of any gcnc-combmation, and has obtained 
some suggesrive prcUminaiy results^ also in Dr^iapkilut on the 
general viability interactions of numerous genes. 

In a number of cases, the restoration of viability occurs gradn- 
ally in the mere course of mamcaining die mutant stock. The 
classical analysis of this phenomenon is that of the eyeless mutant 
of 

Eyeless is due to a 4th-chfomosome recessive gene. Its character¬ 
istics on its first discovery were that it considerably reduced the 
size of the eyes, in some cases to complete absence, decreased 
fertility markedly, and had a depressing ^ecr on viability. Afier^ 
however, a stock for eyeless had been inbred without any artificial 
selection for a number of generations, it was found tliat practic¬ 
ally all the flics had normal eyes and showed btdc reduction in 
cither fertility or viability. On outcrossing to the normal wild 
type and re-extracting the recesdves in Fi, it was found that these 
once mote manifesced the original characters of eyeless, though 
in even more variable degree (T. H. Morgan, 1926, 19^)- 

The explanation of these facts is that the manifosEadons of 
eyeless arc readily influenced by other genes, and that in general 

* As the ftoclci used in this expcrimcirt ^ctc zsde "isogciuc"'' in it^id t-o theix 
roidu^ adtenurive cxplaiution h potuble, by which the 

increased viahOiEy nuy hiw been due to iriCHlifiixni ind not to ihc- ipeohc 
coiubiiution of div two nuin 
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those modifiers which make for normal viability and ferdiity 
also tiiahc for nortnality in eyc-sizc. Thus natural selection acdn{' 
upon the recombinations of modifiers present in the stock 
speedily saw to it that the combination making for the mani¬ 
festation of reduced eyes was eliminated. In competition with its 
wild-type allelomorphs eyeless would be eliminated; hut in stocks 
pure for eyeless, the genes to be eliminated will be the plus 
mediben of the mutation. In broadest terms, there Has been a 
selection of the most favourable gene-complex. 

A similar genetic modibcation of recessive mutations towards 
wild-type expression was found by W. W. Marshall and Mulkr 
(1917) in Dfosopkiitt mtimegaster for the wing-characters haltoon 
and (ifrved. Still another example from Dwsphila is the sex- 
linked mutation veaculated, affecting the wings; tliis can be 
brought back to normal expressbn by means of autosomal 
modifiers (Evang, 1925). A very similar botanical ease is recorded 
by Harland (1932) for chloropliyll deficiency in cotton; in a way 
this is even mote striking, since the oiigina] manifestation of the 
genes (in this ease three pairs are involved) was markedly lethaL 
Here again inbreeding and selection led to the produedon of a 
reasonably viable form, while outcrossing of this to normals 
caused the reappearance of lethal scgrcgauts. The genetic mechan¬ 
ism is similar to that operative in the classical ease of Castle's 
hooded cats and the alteration of their pattern in eidicr plus or 
minus diiecdon by an accumuladon of modifiers (Casdc and 
Pincus, 1923), though the selccdve implicadciins are of course 
difierent. 

Sekedon of this type, it now appears, ts a constant and indeed 
normal process, it has become aUtiost a commonplace in animals 
used for genede analysis to find that mutant types, which at first 
are extremely dificult to keep going, after a few generations 
become quite viable. This has repeatedly occurred in GammarW) 
for instance (Sexton, Clark and Spooner, 1930), and Mr. £. B. 
Ford tells me that it has often occurred in hb cultures of other 
mu^t strains of the same spedes. A recently-described example 
from Drosophila is that of white eye in 13 . iAscura (Crew and 
This recessive mutant was at first very d^’licar** 
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but its viability' improved progressively on inbreeding* A precisely 
similar course of events was observed in the hairless mutant of 
mice (Crew and Mirskaia, 193 l)t showing that the phenomenon 
occurs in mammals. In plants, we have referred to cotton: an 
analogous case has been found in the nasturtium (Weiss, quoted 
by R. A. Fisher, 1931. p, 350)* 

In all eases, the explanation is basically similar to chat for 
eyeless. The experimenter, however, will also attempt to keep 
the mutant character sharp: he will therefore be selecting for 
combinations which keep the viabilit)’ up without alter big the 
visible expression of the gene, so chat the process may take a 
hide longer.* R. L, Berg (1941) finds that, owing presumably 
to this form of selection, dominance becomes more intense in 
laboratory stocks than in the wild (see p. 75 scq.). 

A converse cficct is found when a gene, which in one species 
or variety is harmless, becomes deleterious on outcrossing. The 
explanation is that die expicssion of the gpiic in its normal 
situadon has become so conditioned by favourable modifiers 
that it exerts no ill-eSccts; on outcrossing, however, it finds 
itself in a genic environment lacking some or all of these modifiers, 
and consequently expresses itself in ways unfavourable to 
viability. We have mentioned a case of this sort in Gordons 
fish crosses (p. 66). A sulking example, particularly relevant to 
our present discussion, comes from Stockard s work (i 93 ^t 
on dogs. The St. Bernard breed shows various symptoms of 
hyperpituitarism that simulate the pathological condition known 
as acromegaly. Matings between St. Bernards give normal 
fitters; but when the St. Bernard is crossed with the Great Dane, 
a breed that may be regarded as a simple giant type with no 
hyperpituitary characters, a considerable proportiwi of the Fl 

* AjuMber method by whkh vubility tmy be improved ii by mutation in tiw 
primacy gene coiiccmc<L Ai an example^ we may tike the work of (i93^)' 
Two st 4 Kki of vcMigiaJ-wiiigrd &uil-ftks [Drosophiia were ma^ 

for a Imi? time is uibrcd culturw. \n both of them, tho wiiigj tveiitnaDy 
bcamc almost pottiial. AmJyxia showed iliit this was due to «ioc™n of a 
\ai cjctrcme aUok of vcsiigiil which had pirtsaimibly adsen by inuUtiQn from 
fiill vestigial, and bad then btTii favouioi by soketion becatuc of its 
cfliccts. An mcnmuig point a that thi?is iwady tormal iUc|^ were not laciiuciJ 
in the two ciKS, but represented dMeirnt steps in the mtiliiplc_scrie4- 
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(and latec) offspring show sedous disturbances during their 
growth, notably hydrocephalus and paralysis of the hind limbs, 
these effects being clearly of genetic origin, 

Man, it seems, has pushed the St. Bernard breed as far as it can 
go in the direction of large size, heavy jowl, and other effects of 
extre me or one-sided pituitary acdon; and in the process has 
amassed those combinations of modifiers which will protect the 
organism against the harmful effects of its exaggerated glandular 
development, When the breed is outcrossed, the protective genes 
are diluted to a greater or lesser extent, with corresponding ill- 
effects. The modem show type of huUdog has similarly been 
produced by selection for genes causing abnormal thyroid 
structure and function; here the breed has been pushed sdU 
further towards the glandular limit, since a considerable proportion 
of males are partially or wholly sterile. 

An example in which genic expression is altered without 
nodccablc effects on viability is that of the hybrids between 
Drotophifa melanagaster and D, simuioits. About 50 per cent of 
these lack brisdes present in both parent specks—Le, certain 
combinadons of modifiers from the two parent specks suppress 
the expression of certain genes controUing bristle development 
(Biddle, 1932). 

Excellent examples involving artificial selecdon liave resulted 
from the work of R. A, Fisher (1935, 1938), who by repeated 
back-crossing introduced dominant or semi-dominant genes from 
domesde breeds of poultry, into the unselectcd gene-complex of 
the wild jungle fowl Polydactyly varies in its singlc^osc expres¬ 
sion* in domestic breeds, Punnett and Pease (1929) found it to 

* The tcfin has iinfdi'timAieiy been employed very Looselyp soitie 

audkon tmng ii to mc^n tbai die hctETOEygdce is incUfdn^pji^bk from the 
homoKygcKc, wikik othen tali i doioiaam any gene v/hcat c&cca in dngJc ckfic 
ran be diidtigtmbcd ac aU: e,gp Bowiter (1914) caUed tbc mclajiic fbem of ifa£ 
modi Apkfta neMciA a. doinifuiii^ aJtlipaigh the heteMyge^tc, u he himxlf gD« 
on to itaic, has an intcimcdutc exptessioD; and the soKiaikd domiiiajit inuta* 
dona in Drotaphila are either lediai in double dosCp when, of counei 

Ebc viable efifoct of (be homozygoie caimoi be dcierniined^ qr their hctcrcKrygqm 
expression is Ich ertfeme than thdr homozygdiu (e,g, abnomuJ abdomen). 

For Ehii reason, because it is in many ways lUisacisfactory to have posidve 
and negad^ {cmo, lifce domknuii and recessive, to denote gcaebdom in whac 
is reaUy a imgic scale of pemdve ejects, [ would suggest dui some otbef term. 
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behave usually^ as a com piece dominanc. but sometimes as a 
recessive and somctinics as an irregular partial Jommant. To 
explain these facts, they postulated one dominant inhibitor pre- 
veneijig the expression of the gene for polydactyly, and a second 
capable of suppressing the action of the first, Hutchinson (1931) 
pointed oat that a simpler explanation is provided by Fisher’s 
theory, according to which there is a single gene which remains 
constant, but whose dominancc-ielations differ in dif&rcnt gcne- 
compkxcs. In the wild gene-complex, moreover, as ^hcr 
show'cd, the homorygote can be dcBnitely distinguished from 
the heterozygote by possessing larger extra toes, tvith more 
bones. What has happened is that an originally intcrmcdbtc 
single-dose expression has, in most domestic breeds, become more 
complete. The gene for barred plumage behaves in a somewhat 
similar way. Must interesting arc the results with the gene for 
crest on the head. In the wild gene-complex the crested gene in 
single dose produces crest alone: in double dose, however, it 
produces not only an unusually large crest but a cerebral hernia 
of deleterious character. In the Japanese silky fowl, no hernia is 
ever produced, and the effect of the crested gene is the same in 
single and in double dose. Thus firstly, the gene has become fuUy 
dominant in domestication in place of intermediate; secondly, 
its effect on hernia has been suppressed by modifying factors (cf. 
pp. 70, 79); and thirdly, in the wild gene complex, its two effects 
arc of different type, the harmful hernia being fully recessive, the 
neutral crest being partially dominant. 

Another aspect of the adaptation of genie expression to tlic 
needs of the organism concerns the stability of expression of 
genes. Plunkett (1932), for instance, has analysed the fact, well 
known in general terms, that wild-type characters arc usually 
much less modifiable by changes in environment than are those 
determined by niutant genes. His analysis was for the most part 

luth ^ expressim (or i-xptcsjiyity} would be mane micabic. 

Fu]| would then be equivalent to imc dcHniiuncc: icro 

to rcccsavity; and inily inKirucduh^exprcssiuD to abicnc? 
of doinimiiK in whiiih ibe hcieroiygotc is iuEcrmcdiatc between the two homo- 
xygut^- TimoffffT'Rcssovsfcy (iW4fc) dtils wiili cxprejiin^iry from a taibrr 
diffeicfii xn|;l<!-. 

C* 
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restricted to temperature-effects in but the principle 

can be widely gctwraEzed. The explanation is bated on the fact 
that genes ate in most cases concerned with the rates of processes 
(sec Goldschmidt, The curves expressing the rate of the 

processes arc in general obliquely ^^baped, tending to a bnal 
horizontal cquilibrium-posirion (Ford and Huxley, 19^)- 
wild-type genes, the flattening is normally completed before the 
imagind state (or corresponding definitive stage) is reached, 
whereas in tltc majority of mutant genes, the curve is still in the 
ascending phase at this stage. Thus quite small disturbances of the 
curve will have marked effects in mutant genes, but very slight 
ones on wild-type characters. 

There can be no doubt that teieciion lias been at work to adjust 
the rates of gene^ontroUed processes so as to produce this result 
in wild-type genes, thus conferring a high degree of stability on 
the characters concerned. As Plunkett further points out, the 
evolution of complete dominance, with which our next section 
deals, can be regarded as a special case of this principle, viz. that 
in general natu^ selection favours the genotype which produces 
the most stable and therefore uniform phenotype. 

Where special circumstances demand the contrary effect, that 
different conditions sliall be met by quite distinct phenotypes, 
selection has often operated to produce plasticity of genic expres¬ 
sion. This plasricitj’, however, is usually of a spcdal type, operating 
by some sort of switch mechanism, so that tveo or a few con¬ 
trasted phenotypes, each of them relatively stable, arc produced. 
The classical case is that of the environmental control of caste in 
social hymehoptera, whereby the same genotype can be made to 
produce either neuter or fertile females, and intermediates are 
rare aberrations. The same sort of mechanism seems to be at 
work in regard to the winged and wingless condition of aphids, 
and in environmenta] sex-determination.* 

* The Mine tnuk nn of counc be wcuned gotciieaUy, other by special 

ch^gmosonul iricch^iiisiTis, u in genetic qt by i sclt:ctivc 

bjljiicc iciuttint' hi puLymorpImrn. as «p€cklly v^cU illtutntcd by buiccrflies 
wilb pDJymorpbtC mimetic forms {see pp. 101^ 15^). 
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4. THE EVOLUTION OF DOMINANCE 

R. A*. Fisher {1928, 1931, 1934) hrs extended this concept of 
the alterability of gene-^xpressiem by modifiers to account for 
domiiunce in general, or at lease for many features of dotninance 
as found in nature. His argument runs as follows. Mutation is 
always throwing up new genes; the majority of these will inevit¬ 
ably be deleterious, since.in a delicately-adjusted system like the 
gpie-complex most changes are likely to be for the worse unless 
compensated. Further, we know as an empirical fact that the 
majority of mutations are repeatedly produced. Obviously the 
great majoiiry of mutant gqics wtU be carried in single dose, so 
t^t it will be an advantage to minimize any activity shown by 
them while in the heterozygous state. Thus, even when a hamifiil 
mutation at its first appeatance shows considerable single-dose 
expression, Lc. manifests some or aD of its efiects when in the 
heterozygous stale, then, (f it be repeatedly produced (which is 
the case widi most mutations), the way is open for it tO’ be forced 
into recessivity by selection acting on the test of tbe gcnc-complex. 
If it is relatively abundant (and recent studies of wild populations 
—Kg, C, Gordon (1936), Dubinin and others (193d), and Sexton 
and ebrk (193611)—have shown the surprisingly high incidence 
of various rccessives which they carry in the fly Drosophila and 
the shrimp Gammarn tespectivdy), selection may get to work on 
the homozygous condition, and render it also inactive. In such 
a way, as Fisher points out, mutations may be reduced tp the 
rank of specific modifiers, normally inoperative, but exerting 
effects in abnormal genc-situadons.* 

* Ai sbowiiig the of tlije election acting agiinM cenain rccram 

mutabcHUp C. Gonion f 1935> Ubcraicd 36,000 Df^sfphih in EogbiiJp 

where dicy m hoc cndcmk. Tb: pppulaaon ongirwily conninffd: 50 per mt 
of recessive gene ebony (25 JMM cent pute wilcCtype ftio, 1 $ per cent ebony, 
and 50 per ocnE for ebony}. After lao cUy^ (3 m 6 geccndoiii) 

Ihc fircqiHUicy of die ebony gene had faDcn to 11 per cent. From the data it 
appears dut some hcteroiyptKffi were selectively eliminaled in each genenLiOD, 
as well as die hotnoEygoocs; this n in acasrdaBcc with the fici that ebony has a 
slight single-dosc expressioa- 

A further imponant fact ii that in nature rcceidvcs are ahnos wholly absent 
&am the X-dironiosoiiic of wbetc. of coimc, dicy are exposed 

{m males) to selection in siii|slc dose (p^ tl7). 

Dubinin and odien {1^36} found moze than one detectabk mutant (reocaave) 
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In support of this view, we will cite some of the array of facts 
that show how rcadlily the degree of dominance of a gene may 
be altered by the presence of other genes. The classical case is 
of horns in domestic sheep (Wood, 1905), The difference 
between homed and hornless breeds depends on a single gene- 
difference, but whereas a single dc«c of the gene for homs will 
produce horns in rams, a double dose is necessary in ewes. The 
same gene is rhns dominant in the interna! environment of tnales, 
but recessive in that of females, in fowls, ijndauer (1937) found 
rhaf the gene for frizzled plumage, whose ellccts are nomially 
incompletely dominant, is converted into an almost complete 
leccsiivc by die presence of a particular recessive modifier in 
double dose, Dunn and Landauer (1934, 1936), with the gene 
Tiiffipless, which reduces the tail and posterior end of the body, 
were able to go further and to show that this could he converted 
either into a dominant or a recessive by crossing to different 
stocks, followed by selection for dominance or recessivity jespeo- 
tivcly. In mice, on the other hand, the gene for black, which is 
normally a complete recessive, can be converted into an incom¬ 
plete dominant by modifiers (Barrows, 1934). In Dresopkita 
virilis, the dominant gene for rounded wings converts the gene 
for ruffled bristles from a recessive into an incomplctie domiimtt 
(Lebedeff, 1933), Mather and North (1940) describe a gene in 
na'ce whose only known effect is to modify the dominance- 
Tclations of the agottti gene. 

'^k case of some historical interest is that described by Fcdcrlcy 
(1911) of the behaviour of white spotting in the larvae of the 
moth Pygaera. In P, imachoreia an unspotted variety is found, and 
this behaves as a simple recessive to the normal sprotted condition, 
!n P, (Uftitla, however, only the unspotted condition exists. In 
the Fi of a CTGS5 between the two spedes, using the spotted form 
of P- spotting k expressed in m intermetlktc form, 

i.c. its domiiuiice has been partially ahoUshed. Twtnty-fivc years 
ago, this fact seemed so remarkable that an authority such ^ 

allele in each wild fhut-hy i They also showed that varioui itiucajit geiKS altered 
in dieit fmjiKiicy duiitig dicicc yean, some hecofning more and ocheti kss 
fn^uent. 
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Sxom'Vint (1911) W 35 dbincliiicd to accept h: tenday^ however, 
such alteration of gencHrxprcssioa by modifiers lta$ become a 
commonplace. 

We need not mtJriply examples. It b dear cliat the dominance 
of a gene cm be radically modified according to the genic 
environment in which it happens to find itself 

The next step is to show that this undoubted fact of thi: modifi- 
abilitj' of tlic degree of donunance has been utilised in the coarse 
of evolution to mate mcfit comnionly-rccurring mutations 
recessive^ so as to reduce the degree of their bctcrorygous expres- 
sion» including that of the decreased viability which accompanies 
most mutations at cheir first appearance. 

In cotton, Hadand 93 jj and Hutclunson and Ghose {1937) 
have studied the muurion mnklcd This occurs in the Sea 

Island variety of GassypiufH itifirtdeuse, and is there a complete 
recessive. When crossed to unadated strains of the same species, 
it h not completely recessive but shows a low' degree of siiigk- 
dose expression. 

When, howeverp dre mutation was introduced from G* 
barbaJeme into the related species G. Itirsf^Um (upland cotton) 
there proved to be a complete absence of dominance of the 
normal type. The Fi is intermediate, so that at first sight we 
tnight imagine the single^iosc expression to be about so per cent; 
but the fact that the gives a large and unclassifiable range 
shows tliat tlie degree of dominance must be under die influence 
of a number of modifying genes. This is confirmed by the results 
of bacfc-crossing the Fi spcocs-hybrid bearing the crinkled dwarf 
gene to various strains of G, /iifiimnw. In certain lines, complete 
or almost complete reccssivity of criutJed dwarf was renzstab^ 
lished, while in others the single-dose expressivity was rendered 
accurately intermediate, the heterozygotc class being clearly 
separable from either bomozj'gotc. As Hutchinson and Ghose 
have dearly shown, the results entirely support U. A- Fisher s 
viewra. I^tcr work (see summary by Harland, 1941) has shown 
that it also occurs as a very race mutant in G. hirsuium. Tlic 
barbaJnisf crinkled shows intennediate single-dose expression in 
the Fi w'ith hirsutuf^t but is recessive-wly^n transferred to a pure 
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hirsuUim gcnc^omplcx. Wbrn, howtvcr. Itirstitum crinkled is 
trsjisfcrrcd to e pure geiic^oinplcXj it behs-ves sis mi 

mtermedtate. 

Hailand (ip+t) develops die diesis that the dotmi nance of 
normal alleles in cotton may be built up in a considerable variety 
of ways. Thus the cliaractcr fmtal spot ui both harbaderife and 
hifsutufii is based primarily on a main gene which^ howcveri 
exists in different allebc forms in die two species, But whereas 
in barinidetue the acdon of this main gene must be reinforced by 
a number of plus modifiers to produce its full effect, in hirsuium 
the main gene is stronger, and rcqoirCi no (or few) modifiers. 
As corollaries of these facts we find (i) that in barbadense, die 
modifiers exert some positive action (a small spot) even in the 
absence of the main gene; (a) the gene for barbadnise spot crans^ 
fericd to the /jirsiifJtrtJ gcnc-complex lus a very weak effect, and 
the petals are barely spotted; (3) the gene for hiraaiim spot trans¬ 
ferred to the barbadcftsc gene-complex U reinforced by the 
modifiers there present, and ptoduas a spot which is brger and 
more intense than any previously known; (4) crosses of die 
spotted forms of the one species with die unspotted of the other 
give a graded Fi with all intensities of spottuig; (j) the Fl from 
the ujis^ticd forms of the same two species produces some spots 
as large as normal fcdflwdepisf—ix. due to recombination of 
modifiers only, presumably from both species. In C. arhrtum 
yet a third method of producing ihc spotted character is found; 
there is no main gene, but spotdng depends on the genes that in 
barbadcKx aa as modifiers, but must be called a multiple 
factor series or polygenic combination. 

Harlaiid suggests that if a character is of advantage to die 
species, it can be more readily retained, in spia of recessive 
mutadon, if its expression depends on several genes. However, 
this conclusion docs not seem justified. The advantage of the 
method of using a single main gene together with modifiers 
would rather seem to lie in keeping the expression of the character 
relatively constant in the normal range of cnviioiuncntal condi¬ 
tions. but retaining a considerable reserve of potential variabdity 
CO meet new or extreme conditions. The .'ingle-gene control will 
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give greater stability, ilie purely mulrifactorial control {by 
“modifiers’* only) will give greater plasodcy. Single-gene control 
will permit the character to be more readily lost under the 
influence of selection or by drift. Presumably iti corrdation with 
this, in Itirsutum, where spot depends on one gene only, the spot 
character has been lost in all but a few rare varieties. 

To return to crirkled dwarf, the same principles apply. Norm¬ 
ality (non-crinkled) in barbadenst depends on a single strong 
allele, like spot in hirsfitum. Normality in birsiaum, on the other 
hand, depends on a weaker main non-crinkled allele, together 
with a number ofmodificis. These not only encourage the domin¬ 
ance of nontial over crinkled, but make the pure crinkled forms 
more normal, both in appearance and viability. By rigorous 
selection, new combinations of otodifiers have been obtained 
which render the hinutum crinkled practically indistinguishable 
from normal. When the two species are crossed, using the normal 
of one and die crinkled form of the other, Fa cang!» from forms 
which arc phenorypically normal through all grades of crinkling 
to 'super-crinkled" ts'pes which arc almost lethal. The petal spot 
experiments demonstrate two types of dominance. In liimiwn 
the Fisher cflcct is clearly operative, with modifiers aiding a weak 
“normal” gene, and also modifying the recessive towards 
normality. Recessive modification is much harder w’here a nearly 
dominant main gene exists, as in bafbadetise. This may then be 
due to an extension o f the Haldane cffccc (p. 8a), by selection of 
“stronger” noriinl alleles, Harland and Aitcck (1941) consider 
dial this also operates for rrujlflt'd in some species, but the 
evidence is not decisive. They furdier point out diai die Haldane 
effect is likely to be more important in self-fertilized forms, where 
the Fisher effect cannot so readily be produced (Hald^e, I 939 c)' 
Where bodi t}'pcs occur, as in Ctfssypiiim, doubtless “accidental' 
events such as the time of occurrence of suitable niuiations, will 
determine which mechanism evolves (see also Silow, 1941)- 
An important empirical fact which was among those iliat led 
Fisher to promulgate his dieory' is that of the behaviour of 
multiple alleles. In almost every case so far iiivestigaietl, the wilJ- 
rype allele shows complete domii lancc over all the lower me mbe rs 
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of the scries, wliercas these when aossed with each other show 
interincdLatc expitssion. Thus the tioimal led colour of the eye 
in wild Drosophita is completely dominant over white, ivory, 
eosui, eberry, and all the other members of the white allelomorphic 
series; but white crossed with eosin, or ivory with cherry, gives 
an Fi with eyes intermediate in colour between the two parents. 

The cxfxption proves the rule; and the exception to this rule, 
to which attention was first drawn by Ford (ip30), concerns the 
effect of this same series of genes upon an internal character of 
apparently no selective value, Dobzhansky (1927) had shown that 
the genes of the whiie^ye series affect the shape of the sperma- 
thcca to a small but constant degree. Whereas, as we have seen, 
the genes are all recesrive to wild^type as regards their effects on 
the eye, they show intermediate expresrion as regards this second^ 
ary efiect on the spemiatheca. The body-colour genes of the 
ebony-sooty series show the same e&ct on the spennathcca, and 
the same diflerential expression as regards their effect on the 
external and the intem^ character (except that ebony body- 
colour is not wholly recessive). The most obvious explanation 
is that selection has been operative in modifying the expression 
of the disadvantageous external character, whereas no such effect 
was called for, or has been produced, with regard to die hamikss 
secondary intcmal effect. Wc may also compare the different 
dominance-relations of the deleterious and harmless effects of the 
mst factor in fowls (p. yj). 

It is worth noting that this differential expression of the gene 
as regards two characters affected by it cannot be lecondkd with 
any rigid form of the “inactivation” theory of reccssivcness. This 
extension of the old Presence and Absence theory, which is 
obviously untenable in its original form, claims that the degree 
of recessivity corresponds to the degree of partial loss or inactiv¬ 
ation suffered by the gene in mutating to one or other of its 
rcressivc allelomorphs. It is clear from what wc know of actual 
defidcncy-mutadons, in which a portion of the chromosome is 
missing, that loss may produce effects of the same nature as 
geno-mu rations (see, e.g., Mohr, 1920, who showed that that 
loss of the ufhite locus produce an ultra-u/kUe effect more incense 
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than white itself), so that the inactivitbn theory may soDiedines 
apply. But the demonstration that sonic genes can become 
dominant or recessive according to the gcnc-complex shows 
that it can at best have a partial application. It is also noteworthy 
that the true absence of a gene in ultia-whiie produces some 
effects (spermatheca shape) which arc not recessivei 

As R. A. Fisher (ipji) points out, the majority of the cfaaractcis 
of most domestic breeds, or at least of the most obvious characters, 
especially of pattern and colour, depend on mutations recessive 
to the wild type. It would seem dear that Dian has here taken 
advantage of two facts, first that more or less recessive mutations 
aie commoner m nature and secondly that they can be readily 
fixed by madng two stmilar individuals, in order to uedize striking 
and more or less recessive characteis during bis sclecooti. Further¬ 
more the natural tendency to concentrate for breeding purposes 
on individuals showing a cbaracicr in more cxireme torni will, 
in the case o f genes originally largely recessive, then automatically 
encourage the production of complete rccessivity. if, howes'cr, 
rile gene had more than mtcrincdiate single-dose expression, 
selection would tend to make it more dominant Thus in general 
man's artificial selection will tend to encouia^ cither oomplccc 
dominance or complete rtccssivity, though for reasons quite 
other chan those operative in nature. But as mentioned, the 
distinguishing characters of domestic breeds in most species are 
usually recessive. 

Tlic cliief exception occurs in poultry, where the majority of 
“domestic'* characters arc partially or wholly dominant Fisher 
(1931) suggests that this dificreiicc is due to the fact that in 
the countries of their origin, die domestic forms, even co»day and 
more so in earlier times, would frequendy be mated by wild 
cocks. In such a ease, recessives could not readily be fixed, whereas 
partial dominants would at least reappear in every generation; 
thus dominants would tend to be bred into the race by a natural 
selection of tnan's selective processes. A further elJcct would be 
that the degree of their dominance would be increased, through 
tlic new varieties being almost wholly hetcroxygousrand through 
man selecting the most striking individuals from which to breed. 
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We have seen (p. 7^) that his c^tperimenta] tests have confifTned 
this hypothesis. 

Marchltrwski {1941) has recently confirmed Fisher s theory iii 
dogs- Here, black was originally dominant over yellow; how¬ 
ever. Ill the dingo and in various domestic breeds, yellow has 
become dominant through the selection of modifiers.. 

The rccessivity of charajcteis in other domestic spedes is not 
so nearly universal as Fisher was at first inclined to think (Castle. 
1^34. on various species; J. A. F. Roberts and White, i 9 JOj 
J, A. F. Roberts, 1932, on sheep), h seems dear, however, that 
man, by his breeding methods, has modified the single-dose 
expression of wild-type genes in his domestic animals, accentuat¬ 
ing the rccessivity of those with low, and the dominance of those 
with high single-dose expression; and that while this will result 
in most species in a preponderance of recessive breed-characters, 
in poultry it will tend to a preponderance of dominant ones. 

It should be stated that Wright (1934'^) does not agree with 
Fisher's views on the evolution of dominant^, but wishes to 
ascribe rccessivity to partial inactivation of die gene (p. 80). 
An alternative hypotlicsis for the origin of the recessive character 
of most mutations has been given by Haldane (1930; and see 
193 911). This b based on an interesting view as to the mode of 
action of genes, namely, that diflervnt multiple allelomorphs 
produce didcrent amounts of some substance, but oidy up to a 
certain saturation value; beyond thb they can produce no pheno¬ 
typic effect. Thus any mutation in a minus direction below this 
level can be detected, but those in a plus direcEion cannot, [n 
consequence a number of different multiple aUeles of different 
strength, but all above diat needed to give the saturation value, 
may readily accumulate without being phenotypically detected. 
If now minus mutations (Kcur, Haldane suggests that, in order 
(I speak teleological shonliaiid) to prevent their vbible and 
viability effects from being manifested in the hcterozygotc, those 
higher alleles will be selected wliicli in combination witli the 
mutation will not fall below saturation level. 

bi other words, higher members of the series will be selected, 
and visible dominance will be the result. Ford, however, has 


MENDELlSM AND EVOLUTION Sj 

pointal out that ihc saturation level itself vdH be determined in 
relation to the residual gcnc-complex, so that even here the 
aedon postubted by R. A. Fisher may be operative, though in 
some cases in addition to the HaltUne nicchanisni. In any case 
both suggestions involve selection acting upon other genes than 
the mutant. Since the above was writteti. Ford (i94ot) lias shown 
that the Fisher effect can be aitifidally produced. The currant- 
moth, Abraxas grossulariaia. has a singlo-gene wild variety (Ih/c ff) 
with yellow instead of white groun)d<oloiir, which normally 
gives an intennethatc Fi w ith wild type. By four generations of 
plus and minus selection. Ford has conferred both complete 
dominance and complete rcccssivity upon the gjenc. 

Sewall Wriglit (1929,1954*1) attadcs Fisher’s general conception 
on the ground that the sclccdon-pressuie available will be 
inadequate to aebieve the results envisaged. However, there 
seems Utile doubt that dominance of the normal wild-type 
allele has been evolved; and Plunkett and Muller independently 
(sec Mulkr, 1955) have shown how the need for stability of gene- 
expression in development will secondarily result in the evolution 
of doniinance. 

’Whatever the precise method employed, it seems clear that 
dominance and tccesstvencss must be regarded as niodifiable 
characters, not as unalterable mherent properties of genes. 
Dominant genes, or many of them, are not bom domutant: they 
have dominance thrust upon them. Mutations may icconie 
dominant or recessive, through the action of other genes in the 
gHie-complex. The evolution of dominance is thus seen to be in 
large measure an adaptation to the deleterious nature of most 
mutations. 

R, L, Berg (1941) points out that the intensity of dominance 
will be sdcctively bala^ed against the accumulation of deleterious 
recessives which it makes possible, and that it will tend to be 
decreased in species consisting of incompletely Uobted groups. 
The extra plasticity thus confcrtcd upon such species will be in 
addition to that deduced by Wright (p. 329). 

As another example of an adaptation of the genetic mechanism 
itself,Fisher (193011, p. 15) cites the pbsdcity conferred by sexuality. 
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Ff^r mif tiling, it will permit cvuiuiioiiary :idv3jicc by die com-^ 
biiudon of new niuiatioa'^. If several favourable mutari'ons occur 
ill a popuLtdoii in a given liine^ then in a sexual cross-fcrlilizing 
Species tlicy can be conibincd* But if the species is asexual, they 
will almost certainly remain isolated^ each confined to one linei 
fur them to be combined, one mutant must be selected nncU 
it has become die niain type, and only then will a second favour¬ 
able mutation have a chance of becoming combined with the 
first, 

hi die second place, it will permit rccombkiatioti to throw up 
new gcne-conibinations and so to use the existing genetk vari¬ 
ance of the spedcs to alter the type quickly in relation to changed 
conditions. Thus it promotes both progressive specialization (see 
Chapter 9) and plastidty in response to the dmigcs and chanees 
of the environment. In addition, as Fisher (1912} stzesscs^ h has 
a function to perform in relation to the deleterious nature of most 
mutations. For, by allowing iccombbiation, h permits mutations 
to appear in homozygous form, and thus facilitates the cbminatioii 
of die more deleterious. Elimination will be greater when the 
frequency of lioiiiozygosis is increased by inbreeding or self- 
ferrilizarion. Thus vamtions in the type of sexual reproduction 
will alter the emphasis of its evolutionary function (Darlingiton, 
1939): evolutionary plasticity will be more encouraged by cross¬ 
breeding, evolutionary stability by inbrceduig. Inbreeding will 
also promote both the rejection of unfavourable and the spread 
of favourable mutations (see also pp. 136, 140). 

Recombinational plasticity will be cspcdally valuable when 
conditions vary and become less favourable. This is doubtless the 
reason why so many organisms adopt some method of asexual 
rcprtiducdon (which is more efficient qiia reproduction) so long 
as environmental couditiom arc favourable, but resort to a sexual 
process as soon as they become unfavourable. This is so, for 
instance, with many protozoa, rotifers, lower ctuscaeea, and 
aphids. 

Tlie biological meaning of dus has been dearly brought out 
by caichil generic studies on Piirafucdum and other ciliates 
(Jennings, 1929)^ U lias been found in general that conjugadou 
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causes an intTcasc ofgcncdc variabiiiry m the resultant populadon, 
and that while (as in higher organisms) the majority of the new 
may he regarded as unfavourable, some are actually or 
potentially better^adapted than those prevailing before conju¬ 
gation, Thus conjugation wiU in many cases provide an increased 
chance of throwing up a recombination better able to cope with 
unusual and unfavourable conditions. Predsely similar results 
have been obtained with lower Crustacea by Banta and hb 
colleagues (sec Davenport, r* 133 )- 

Attention is dsewherc drawn (p. 113) to the action of the 
impulse to migrate in unfavourable conditions. This also confers 
plasticity on a species, but in this case by increasing the range of 
environmental opportunities available to a given hereditary 
constitution, instead of increasing the range of hereditary consti¬ 
tutions available to cope with gjven environmental conditions. 
This, however, can hardly be calkd an adaptation of the genetic 
mechanism. 

On the other hand, the peculiar reactions of the crossing- 
over mechanism to tempccaturcs may weil, as Mr. E. B. Ford 
has suggested to me, fall into this category. In DwsQphila, the 
best-investigated case (Plough, 1917)- crossing-over is least at 
temperatures close to the optimum for the species, and increases 
rapidly both with increase and with decrease of tcmpcratuic. 
Increa^ crossingHJver will, of course, have the effect of increasing 
the tecomhination of the gtrnes locamd in a single kind of chromo¬ 
some, and this will have a considerable effect in a form like 
Drosophila where the chromosomes are few in number. Un¬ 
favourable temperatures will thus Uicieasc the generic variance 
available to a population. 

The discovery of the position-effect (pp. 48, 9a) allows us 
to deduce certain ways, previously quite unsuspected, in which 
the evolutionary mechanism must itself have evolved, Sf, as now 
seems established, it is the case with some or all genes that inter¬ 
action with neat neighbours in the same chromosome affects 
their expression in an important way, then it is clear that all the 
genes within a given chromosome must be delicately adjusted^ to 
each other so as to produce a harmoniously functioning whole. 
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Aiiv ^ivcn gene must be adjusted to its neighbours within a 
ceiiain cl^romosomodbEancc either wsy; the genes at the limit 
of this range will be adjusEcd both to the gene at our hypo¬ 
thetical starting-point and to odicrs further away, thus conferring 
a ccruin organization on the clironiosonic as a whole. 

This involves a new conception of chronsosotnes. Up till quite 
recently^ it was possible and usual to regard them as mere vehicles 
for the carriage and distribution of the hereditary constitution, 
without any functional organization of the genes they contained. 
These were assumed to be arranged at random, like coloured 
beads picked up haphazard by a blind man and ibrcadcd on a 
string; and their positions in the chromosomes w^erc not sup¬ 
posed to have any relation with their effects on visible or other 
characters. 

With the discovery of the posidon-effect, however, this 
assumptionp as a hard-and-fast prindple* has gone by the board. 
Although many genes affecting one cliaracter arc scattered 
irregularly through the chromosomes, and genes affecting 
different characters are often conrigwous, yet some degree of 
non-random arrangement docs occur (Morgan^ Schultz and 
Curryp Basically, and in origiUt their arrangement doubdess 

is random, and w^hat we know of the frequency^ of sectional 
rearrangements (pp. 90, 362) shows that genes must often change 
their nciglibours in an cssenrUliy accidental way. But dus random- 
jiRs must then be given a functional polish: neighbouring genes 
must be adjusted to each other by new mutation and by recom- 
binadon. To continue our metaphor, the blind man'^s necklace is 
looked at, and colour disharmonies are got rid of by choosing 
new beads of the same general colouc but slightly different 
shade. 

The same general type of adaptadon to position-effects has 
been necessary as with dominance in relation to gene-mutation. 
Indeed, the weakening” of genes in abnormal positions (Dob- 
zhansky, 1936, p. 376) indicates that a dispropordonatc fraction 
of the single-dose expression of dominant genes is determined by 
their reladons with their immediate neighbours. In addition, 
funcrionally-balanced groups of genes affecting polygenic 
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characters wtU be evolved within the separate chromosomes 
(Mather, 1941: see p. 67). We must to-day consider chromosomes 
not as being purely mechanical gcnc-vchiclcs, but to a certain 
degree as organic gcne-arrangcmciiis. 

5, TYJ*£S OF MUTATION 

So far, tinder the head of mutation, we llave been considering 
only gene-mutation or poini-mutation, i,c, the substantive 
alteration of a definite unit-region of the chromosome outfit. 
But various other kinds of mutation: arc also known to occur 
and we must devote a brief section to these. 

In die first place, there arc gcncme-nmtitthns, involving one or 
more whole sets of chromosomes and therefore of gene-outfits. 
The noniial diploid coniplenient of chroniosonics of a species 
may become doubted (autotetraploidy). Or reduction may fait 
t(\ occur, and a diploid instead of a liaploid gamete may be 
formed. Or, as a rtsult of the union of a nonnal gamete with 
a diploid one, however formed, auto-triploid forms with three 
genomes may result. 

Tctraploidy in nature may abo result from a cross between two 
^yjicn tbe corresponding chroniosonics from the two 
parents do not pair before mciosis and the hybrid is thert^forc 
originally sterile, if. however, the chromosomes of a cell thvidc 
but not the cell-body itself, all descendants of this cell will be 
tctraploid, and the two members of each kind of chromosome 
can act as mates at reduction. The result will be that the gametes 
have complete genomes from either parent. This is known ^ 
allou'traploidy, and its actual origin has been observed in Pfimnfit 
kewentis, the fertile hybrid between P.pribuuda and P. 

In rhk cacn the original hybrid was steriL’, and the fertik ^pe, 
widi larger leaves and flowers, arises sporadically in cuttings, 
from a cell in which chromosome-doubling has occi^d. 
Allotctraploidy is almost confined to plants, because of die 
favourable conditions provided by their vegetative growth for 
the rare chromosointydouhling to occur aud^ to give rise to 
reproductive tissue, and because of their lack of tlie sex-chromo- 
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soiDC mcchanisni normal to animab, which would not fiincuon 
after chromoisonic^oubling (Muller, 19^5 > sec also p* 14^)- 
For polyploidy in animab sec Vandel (1937)- 

The presence of six. eight, and more genomes in a strain or 
species b abo known, again almost entirely in plants: prcsotnably 
ilie condition is usually consequent upon species-crossing (Chapter 
6; and Darlington, i9?7» P- ^5)» 

In all genome-mutations, tlw genomc-Hinits may be approxi¬ 
mate only, sometimes with loss and somcdnics with of one 
or a few chromosontes (aneuploidy). 

Triploid and other antsoploid strains with an odd number of 
genomes arc relatively rare in nature, and cannot normally 
reproduce themselves sexually, since the chioiiiosontes of one 
genome cannot find mates. But allopolyploids and other strains 
with an even genome-number can maintain themselves.* Such 
polyploidy has undoubtedly been of considerable evolutionary 
importance in plants. One method of spedes-formadon is by 
allotctraploidy after crossing (p. 341). But apart from this, 
polyploidy of any kind, so long as not excessive, by muldplying 
the number of giene-paits of each kind in the hereditary consti¬ 
tution, coufers long-range potential variability and plasdcity on 
the spedcs. For difTcrent gene-pairs may mutate in slighdy diffei^ 
ent ways, giving a gradation of new rccombinarioiis. High auto¬ 
polyploidy, however, by virtually suppressing the chance of 
manifestation of rcccssivcs, reduces plasddty. It appears that 
the phenomenon has been of importance in the evoludon ot 
higher plants, where series of related forms with two. four, six, 
and higher numbcts of genomes often occur. Polyploidy has also 
undoubtedly contributed to the evoludon of many cultivated 
plants, notably the cereals and cotton. (Sec also pp.'335 seq.). 

The second type of chtomosome-mutadon is that of the 
addidon or subttacdon of single chromosomes. This again appears 
to be much commonet in plants than in animals. It has been 

* Atiiopolyfildidi will origiiuUy produce many mviable ^metes, 
the aggrcgaiiDTi of cbj^omosoRia by fouB innead of by pa in before nickHiu. 
Bui thrtc is cvidjcTK^ to sberw dal thu conditioii, loo* nuy be atljuiced by 
licrtV to fcaioiubly tmc^bicfdifis formi (DarEngtoii^ 1937 ! Miirtning. 

m6). 
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choTOUgUy investigated in die Junson weed, Datura stratfumiutn, 
by Blakedee and his collaborators (1928). The cotmnonest case 
is where one kind of chromosome is repicsented three dines 
instead of twice in the hereditary out£t. Such triiomk mutants, as 
they ace called, show greater diiferences from nonnal than do 
ordinary gene-mutants. They also show reduced viability doe to 
the quandtadve upset of gene-balance which they cause. 

In Datura, these types cannot become fixed, since no pollen 
with ail extra chromosome is viable. Thus all viable pollen-grains 
will contain n chromosomes, while the ova wtU be cither n or 

fl I- 

It would seem, however, that in the evolution of some plants, 
the condition has become stabilized i but this is always in polyploid 
forms, where imbalance is not so readily brought about (p. 349). 

The third type of chrornosomc-mucarion is the sectional, 
involving only parts of chromosomes, For its occuiicnce and 
evolutionary (tarings in Drosophita, see Muller ^ 194^) * One form 
of this is known as defdetuy *nd involves the loss of a portion of 
a chromosome. This b known to occur not uncommonly in 
Drosophila, but b here and probably elsewhere of litde evolu¬ 
tionary significance, since homozygous deficiency b usually 
letbaL 

The converse is known as diipliiation, when a portion of a 
chromosome comes to be repeated, occurring twice instead of 
once, either in the form of a translocation to another chromo¬ 
some, or of a “repeat” within the same chromosome, often 
immediately acyacent to its origuial position. Small repeats of 
thb type have been shown by the salivary gland technique 
to be not infrequent in Drosophila, and are of considerable 
evolutionary importance. They are of inimcdtate importance, 
since the alteration in genic balance would usually produce 
definite but not deleterious effects. They arc of much greater 
ultimate importance, since they constitute the chief mcdiod by 
whidi the number of genes is increased, thus providmg duplicate 
faaois, and the opportunity for slight divergent specialization of 
homologous genes, giving great delicacy of adjustment. In thb 
respect they would appear to be a good deal mote iuiportant than 
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the earlier-detected and more ipectacular process of duplicatltig 
whole genonies by autopoiypbidy (see pp. 334 seq.). 

The next type of sectional chromosome-mutation includes 
all eases involving spatial reanraiigcnient of sections of two kinds 
of chromosomes. The most important form of this is redpTotal 
trenslotatim or segmental interchange. When this occurs, two 
chromosotiKs break and exchange fragments. The precise mechan¬ 
ism need not concern us. It can be induced with greater frequency 
by X-rays, and appears to occur where chromosomes actually or 
almost touch each other. It U known to occur or can be deduced 
to have occitned lit a number of plants, and in Drasepkiia and 
certain other animals. 

In Datura, over forty so-called "prime types", which differ 
from each other merely by rearrangement of segments of the 
chromosomes, and which appear to owe thetr origin to reciprocal 
translocations, are known to occur in nature; th^ do not show 
visible difTercnccs. Diflcrent prime types (Mer in their get^gr^ph- 
ieal distribution. 

Owing to certain peculiarities of chromosome behaviour, these 
prime types in Dtitura tend to persist as such, even after a cross. 
Thu is in effect a form of isolation and should eventually give 
oppomuiitieSi for mutation and selection to produce visible 
differences between the various chromosomal types. 

After croaibg between two prime types, the hybrid type will, 
owing to certain chromosom^ peculiarities, be reproduced as 
such in later generations, without rearrangement due to crossing- 
over, as well as the two pure types. If now a recessive lethal 
mutation occurs in one of the chromosomes which have suffered 
segmental interchange, the prime type containing that chromo¬ 
some cannot be reconstituted, as a double dose of the lethal is. 
ex hyfujtiKsi fatal. Since kthals are relatively common types of 
mutation, one may readily occur also in corresponding portions 
of the chromosomes derived from the other prime type, if so, 
and if we arc dealing with an inbreeding group, we shall have a 
condition of balanecd lethals", and only die hybrid chromosome- 
combination will lx: capable of survival. 

WherevcT much segmental mterchangc has occurred, foUowcd 
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by Iong-coiiriniic<I intcrcrosnng between the rcsulunt prime 
types, we may expect to find bakncecl-Iethd and therefore 
pcrmancncly hybrid cotnbijiatioiu. And once these come into 
existence, they can difilTentiatc still furthet by the accumulation 
of gene-mutations. 

This, in actual fact, is what appears to have occurred in the 
evening primroses, Oemihera (see Renner, 1925, and Cleland, 
19^8; and summary e.g, in Dobzhansky, 1937), One known 
species (O. hwferrt) is of normal chromosomal behaviour, but all 
the others present balanced-lethal chromosome eotnbinations of 
greater or lesser extent. The chief evolutionary significance of 
diese phenomena would appear to lie in Its providing a spedat 
method of species-form ation {see pp. 139, 329), It is, however, of 
historical interest since occasioiial ctossing-over will give apparent 
mutations (teaJJy recombinations of large blocks of genes); and 
on the basis of these de Vries advanced his niutation theory. 

Small cranslocadoiu of various types seem to occur quite 
frequently in Drosophila^ They have probably been of some, 
though secondary, importance in initiating the diJfcrentiation of 
species (Dobzliamky and Tan, 1936; and see p. 362). 

As final form of sectional chromosojnc-niutation we have 
inifmian, in which one segment of a chromosoiiic becomes 
reversed within the chromosome as a whole. Quite large or very 
small portions of the chromosome may become inverted. Here 
again the frequency of the process may be accelerated by X-rays. 

Crossing-over, of a type which will give viable offspring, 
cannot occur in the inverted section of a chromosome paired with 
a normal mate. This being so, inversion may produce a distinct 
type, homozygous for the in vetted chromosome, in addition to 
the normal; in some cases, in fact, hybrids between the two types 
will not be able to reproduce so freely, because of the death of 
cross-overs. The resultant isolation of the two types of chronio- 
some will permit their differentiation. More than that, selection 
will tend to erect barriers to intercrossing, so that the resultant 
waste due to the reduced fertiJity of the hybrids may be avoided. 
In consequence, the two types may develop trjto distinct species. 
This method of spedation is discussed in Chapter 6 (p. 329), 
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We may here agaiti mmaon the curious and imexpectcd 
phenomenon of the posiriou according to which the mere 

fact of rearrangement of genes produced by inversion, etc., may 
cause a difference in their visible effects, thus sinuilating mutation 
(Dobzhansky, 1936). Indeed, studies like tfao^ of Muller (Muller, 
Prokofy^eva, and Raffcl, 1935) make it probable that a large 
number of die genetic changes in Drcsophila previously ascribed 
CO gjene-mutadon arc in reality due to such “posirion-cfFccts^\ 
produced by inversions of very small secdons of a chromosome. 

It has betm suggested by some authors that what are normally 
called gene-mutations are in reality only the efiects of small 
rearrangements. However^ Macktnric and Muller (1940) have 
recently demonstrated that there is a real distinction l^twcen the 
two typos of mutation p since ultra-violet radiarion can prodiits 
true gene-mutation, but not the chromosome-breakage needed to 
effect sectional rearrangementSp however small. This is prima /dCiV 
evidence that the substantive changes due to true genc-mutadon 
do (as is to be expected) play a part in nature, in addition to the 
organizational changes due to rearrangement of prc-c*xtsring units. 

From the point of view of evoltidon, however, the significance 
of such changes will be very similar to that of true or substanti ve 
mutation; the changes produced will be inherired according to 
Mendclian law, and will be of small extent. 

Muller (1930) has also pointed out that if mo homologous 
chromosomes with different but overlapping inverted regions are 
brought together by crosangp crossing-^ver will result in a new 
type of chromosome containing one region in dupli^te. Such 
small duplications will have visible effects, and may also, be em¬ 
ployed as sources of evolutionary change. Recently the discovery 
of the gianr chromosomes m die salivary glands has converted 
Drosophila from a very bad to by far the best materia! for detailed 
chromosomal study, permitting the cytologbt to produce a 
detailed map of the visible structure of its chromosomes and to 
detect even minute inversions and other rearrangcmenis. It is as 
if an astronomer armed only with Galileo's telescope had been 
suddenly ecjuippcd with a yo-inch reflector. 

The use of this method has shown that rearrangemcDts of 
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segmcncs of the chromosomes arc fsr commoner, and have played 
a much larger pare in evolutionar}' processes, such as the differ- 
enriarion ol: spedes, than was previously supposed. We have just 
mentioned the important role of small inversions within a single 
species* When we compare related species (c.g. Dobzhansfcy and 
Tan, 19361 Dobzhansky, 1937), we find they are distingnished 
by numerous characteristic differences in segmental arrangement* 
DrosepkUa pseud&obsoiris and D. mtrmida, for instance, are so 
closely related that they will mate and produce healthy (but 
sterile) offepring. The chromosomes of the one are approximately 
homologous with those of the other, but some segments have 
been translocated to other chromofsomes, and numerous segmems 
have been inverted, so that some sections of certain chromosomes 
show ^"profoundly different patterns”. Other sections, however, 
remain approximately similar. On the other hand, it is probable 
that such changes only pave the way for full separation, the Lter 
stages of speciation being effected by a series of single gene- 
mutations (see p* 3 S9, and Muller, 1940), 

In barley, however, Gustafsson (1941 )^ds tliat induced sectional 
rearrangements occurring simultaneously with induced gene- 
mutadoos arc most likely to give favourable results* providing a 
new internal environment for the new gene (cf. pp. 67, 5^2), 
But in spite of tlic frequency of these larger types of mutation, 
it would seem that gieiie-mutarion, together with the "^pseudo- 

effirm, is the most important source 


< 5 . SPECIAL cases: melanism; polymorphism; 

FLUCTUATING POPOlATlONS 

Before proceeding further in our main argument, however* we 
must turn aside 10 discuss certain special cases which illustrate 
various points concerning neo-mendejism and sclecdon. 

{<f)Mdanism in moths 

The first of these concerns the phenomenon of mcUiuiim m 
moths, which has played a prominent part in recent cvoluttonary 
discussions. The facts may be summarized as follows: 


mutation” due to position 
of evolutionary change. 
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Irt the first pkce. there is no doubt that melanism among many 
apccic$ has become much more frequent during the last ccncucyt 
and chat this change has been associated with industrialization: 
the predominance or abundance of melania occun in large cities 
and in industrial areas * In some cases the entire population of an 
area has become mclanic. Descriptions of the liistorical course of 
events have been given for Britain by Harrison (19206, 1932)* 
and for the conrinent by Walthcr (1927}, and by Hasebrock 
(1934). A summary of their generic basis is given by Ford (1937)- 

As regards their ori^n, Harrison (1928. 193S) claimed that be 
had been able to cause nielanic forms to appear, in two spcdcs 
belonging to dLHerent genera, by means of incorporaring lead 
and manganese sales in the food, and that the induced melanism 
behaved as a mcrtdelLan recessive, as docs the naturally-occurring 
but very rare melanism of these species; (in a third species in 
which natural melanism is dominant, and has shown industrial 
spread, he abandoned the work after only preliminary results). 

However, repetition of the work on a large scale by Hughes 
(1932) and Thomsen and Lemcke (1933) has failed to confirm 
these results. R. A, Fisher (1933#) has also criticized Harrison's 
views as involving a mutation-rate much higher dran any obtain-^ 
able by X-ray treatment. Further, all industrial melanism is due 
to dominant genes (see below). It would seem best to assume that 
some error has been at work^ and that no true induction occurred. 
If so, then mdanic mutations must» like other recurrent mutations^ 
have been thrown up sporadically for a long period, but have 
spread owing to the altered selective conditions of an industrial 
cnviTonmcnt. Numerous cases of sporadic melanism which have 
not become more frequent recendy arc known in moths as in 

* It lus been ebiitied by Harruon thiE tnebniini is also eommdnrr in coisni 
Foni (tvjyh however, shows that thii runcliuion certainly not univcnal. 

HsJrdy states that s!i|[hi but darkecung has occurred in cbe 

houflc-fparrow {P^sjtr in the Liverpool area. It will be of inretest to 

See whclJlei: this dunf'ek todu will show prOgmiive spread. Sporadic lucbniim 
hai oreurrtd Ln the pmerine West Indun bird produeing four 

Separate mel'afiir: tsland fubspeeiesi. Irt spmp eases the replaecmcnt of the rtormal 
by the blaek forin hai been foUowed duniig recent bkteric tinies. Funbennore, 
almost iU island fprms of the genus are somewhat darker than The mambod 
fomu (LowCk 1911). Two cues of recent spread of inelanie inutants in ntatnmalf 
arc considered bter (pp, 105, 


MENDEl^ISM AND EVOLUTION 


95 

other ^oups. An mteresting case h B^rmm exiersana. This 
s}iow$ induitml meLmism in Germany; but m Britain ir does 
not enter mdustrial areas, and the melanic type has remained 
sporadic, A survey of industrial melanism reveals that the intemity 
of darkening varies from spedcs to species. As regards its gene tic 
basis, no case of recessive melanism is known to have shown 
industrial spread, [ndustriaj melanism always depends either on 
a single dominant or on multiple factors each exhibiting 

complete or partial dominance (Ford, 1937). 

As regards its physiological effects, numerous authors have 
shown that dominant or partially dominant melanism confers 
ejctra hardiness and viability. Ford (19406) lias shown in Boarmia 
chat in bighly unfavourable conditions (feeding on 
alternate days) the ratio of mclanics emerging (on an expectation 
of 50 per cent) goes up from about 54 to al^ut 70 per cent* He 
has also (ipjy) pointed out that, in spite of this pbysiologica] 
advantage, domUiant mclanic forms in non-industrial areas have 
not shown any spread or increase in frequency. 

He accordingly concludes that recessive melanism is due to 
genes which have been forced to become recessive by selection 
of modifiers, on account of their deleterious effects on viability. 
Dominants melanism, on due other hand, has favourable effects 
on viability, but in normal conditiotis is kept in check by counter- 
selection operating through natural enemies^ the type forms being 
definitely cryptic in coloration, while the melanJcs stand out 
sharply against the normal background. A balance is thus 
reached^ with a low percentage of mclanics. 

In industrial areas, however, the counter-selection in favour of 
the type is not so strong, since the background is darker. It has 
been suggested that in sonic cases ecological selection would here 
be reversed, and the dark forms become better protected by 
background resemblance. Detailed counts by Harrison, howc^tt^ 
have shown that in some species at least this is not the case. In 
industrial areas it is further to be expected that many naturai 
enemies of the adult w^ould be reduced in numbers or absent, 
so that selection for concealment would be less stringcni. As a still 
further possibility, it appears probable that in the chemically 
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unfavourable enviiomncnt of indmtrialbnir the greater haidmcs? 
of melanics would have an increased advaota^. 

In any case, according to E^rd's general hypothesis^ the balance 
between opposed selective forces is in iiidustria] areas tilted in 
favour of the iiiclanic variety^ with the result that ihis has speedily 
increased and in some cases has completely ousted the original 
type. The strength of the selection acting against melanics on 
account of their coloration is shown by the fact that in 
species, although the mclanic is more cold-resistant, and has spread 
in industrial arcasrit is not found so far north as the normal.^ 

It w^ould appear that on no other hypothesis can the lack of 
spread of dominant mclanics in rural areas and their spread in 
industrial areas be reconciled. If "so» we have one of the most 
striking demonstrations of the efficacy of selection. 

(fc) Gttwdc pulyiiMfp/rriwt 

Genetic polymorphism^ or the oo-exbtcnce of two or more 
gencticaUy^termined and wcU’dcflncd forms {“phases") of a 
species in the same area, presents certain pecuhar problems. Wc 
speak of polymorphism when the difference between the various 
forms is shalp, or at least expressed as a bi- or multi-modality in 
a frequency curve of variabUicy; when the equilibrium betweeu 
them is rebdvely stable; and when the frequency of the least 
abundant is high enough to make it certain that It is not due 
merely to mutation-pressure (see Ford, i^40a}« Polymorphism 
must be clearly distinguished from normal variability, however 
extensive, which will be grouped in a single unimodal frequency 
curve. The existence of separate forms or distinct modes is an 
essential characteristic of polymorphism- 

Since we are here concerned only with genetic polymorphism, 
wc can neglect all such cases as those of tlie social hymenoptera, 
the seasonal forms of certain buctcrffics, ctc-i which are determined 
environmentally. Wc can also neglect the particular type of 

* In cettaln the irbcbnic fpim. LaJ Irotii in ofigiiuJ icidusmaj 

arta imo wrouzbding nan-induitria] couTiiryp with 3. 

grjidicnc. tf Ehc xketive bil^cc iu ^voiur df ndn-mcbuics m nnn-ijidkylrlil 
ireas ii Slighr, this 1110 be expccied at the remit men: popubtioihi^ressure: 
cf- SiimniT"s view? chi popij|itidii-pres$iijrie in ^iibspetiei of P^cTQtfiy^^s ^ ^ 7 )' 
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generic polymorphism involved in the genede dcterniinarion of 
two se?c£s, since this is primarily mauncained not by a selective 
balance but by the inherent nature of the genedc-rcproducrivc 
mtchamsmL the same applies to bcterostyly in plants. Paulkn 
(i^> 36) applies the term genetic to certain eases of polymorphism 
in male insects where the forms are discontinuous and not to be 
explained by simple allometry (heietogony). Until, however, 
the developmental basis of this pbettomcnon has been ascertained, 
it is better not to a^ume thit it must be genetically determined r 
see also Huxley {1912, Chap. a. § 5]. 

The tmerest to the evoludonist of generic polymorphism withki 
a fifeely interbreeding popukdon is that, as R. A. Fisher (19304) 
was the first to point out in general terms, it must always involve 
a balance of sdecrive advantages between the different types. 
For, ex /lyputftfri* mutarion-piesnirc alone will not account for 
the facts, and it can readily be shown that in the absence of 
selective balance, one type would rapidly oust the other from 
any constderabic representadon in the poptiladom 

There are two distinct methods by which this balance is actually 
effected—genetical and ecological. 

(i) In the case of genedcal balance* the heterozygoie is more 
viable or enjoys some other selective advantage over cither of 
the bomo^rygotes. (For simplicity's sake we will consider only 
cases involving dimorphism: trimorphism will occur, as in 
certain species of foxes, when the heterozygotc differs in appear- 
anoe from either bomozygote* or in other cases, as in PetpiUo 
potytes and P. niciwon^ when two mtcracring gaie-pairs arc 
involved (Ford, 1937)* and polymorphism when two or more 
non-interacting gene-pairs arc involved.) This may occur in two 
wap. Either the gene itself is less viable or even lethal in homozy¬ 
gous condidon; or it i$ closely linked with a recessive ktbal, which 
exerts no effect in single dose but is lethal when homozygous. 

Owing to the difliculry of proving a negadve, no certain case 
of the former conditions is known, though the mutanE airly in 
Droiophiln is a possible example. In the condidom 

of ordinary laboratory cultures, this mabtains itself indefinitely* 
giving a dimorphism with wild-type. It docs diis because it is 
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almost t’ully Ictlia] when Jioniozygous, but usually ratlicr mote 
viable thaii wiht-type when heterozygous. As, however, it is 
located withhi m mverston, t]»c possibility' of linkage, dthet with 
a lethal or w ith the genes for the increased viability, is not ex¬ 
cluded. Of linkage witli a lethal, however, two examples have 
been thoroughly worked out- In the ease oftlie butterfly Argyttnis 
papbia, over most of its rajigc an occasional second form of female 
occurs, known as valesinii, in which the ground colour is dull 
green instead of rich brown. This form Ls usually rate, but in 
some legalities cotistituies i to 15 per cent of the female popu¬ 
lation. Goldschmidt and Fischer (i9za) showcsl that viilesina 
depends on a dominant gene closely linked with a recessive 
lethal', they were able to break die linkage, thus obtaLning broods 
with all females of the vd/csiiiii type. In China and neighbouring 
areas almost all the wild females arc ifnle^ina. This well shows the 
rclattvtiy of the term nomtat as applied to organisnis in nature. 

A similar situation exists in the American Clouded Yellow 
Butterfly, Cedas pliilodice (Ccrould, 1921). Here a white female 
variant exists, and normally constitutes 4 to zo per cent of wild 
females. As widi die rarer form is due to a dominant 

gene linked widi a recessive lethal, and Gerould was able to 
separate the two genes. In one area the white type is the nioro 
abundant. Tlie situation as regards selective advantage is com¬ 
plex. Tlie lethal must have some advantage (d) when lictcro- 
zygous, as it is (in Ca/jos^ rjiorc w idely spread tn the popubtion 
than the dominant colour-gene; (t) in association with the 
dominant colour-gene, since the linkage, though not very close, 
survives in nature in most areas. The dommint colour-gene 
must also have some advantage in association with the lethal 
to balance die wast^e arising from homozygosity. Where it is 
homozygous in nature, the advantage must come from assoebtion 
widi some other gene. 

Numerous eases, as yet unanalysed genetically, arc known in 
nature where polymorphism, as with Argyunis papbia, exists in 
one area of die range of the species but not in another. A familiar 
example is die common red squirrel, Sfinrjo vulgaris, which is 
always red in some areas, e.g. Britain, but both red and black in 
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moumainous parts of Eutojic (Liihring, 1S)2S). Other eases arc 
mcntionetl in Chapter 5 (pp. 184, zoj). In some it would appear 
tliac a new area has been colonized exclusively by individuals of 
one type, which presumably then is not linked with a full ktha], 
but either is linked with a gene somewhat reducing viability, 
or is the type which is less advantageous than the lethal-linked 
form- In other cases the lethal linkage may have been broken, as 
with Ar^ynnis and CeWas. 

Highly polymorphic spedcs exist in nature among Und-snails, 
such as the common Cepaea nemoridii and C, liortenfis (A, Lang, 
ipoS}, with their vast range of ground-colour and degree of 
banding; grasshoppers (groiJse 4 <x:usts, etc., Nahoun, igis; grass¬ 
hoppers, Rubtzov, t935*); and certain fresh-water fisJi such as 
Lebistes (Winge, 1927). In these eases the polymorphism appears to 
depend on the phenomenon of close linkage within each, chromo¬ 
some or of the obligatory association of many whole chromo¬ 
somes to produce a sunilar effect to close linkage (Fisher, 1930^'; 
Diver, 1932). In these circumstances, a recessive lethal will prevent 
the free recombination of any favourable mutations in die same 
chromosome. Thus, since recessive lethals are common types of 
mutation, whole chromosomes will have to compete with each 
other, instead of selection being able to act so as to produce an 
approximation to a single "best” combination of genes. Further, 
since homozygotes cannot live, there must be at least two different 
forms of each of the chromosomes which contain Icthals; the 
different combinations of these will of necessity give a vartety 
of forms; and this variety will itself be subjected to selection so 
as to give the best balance, and the least waste through excess 
mortality of one or some of the forms. In the land-snails, the 
interesting fact thas been discovered that the frequency of the 
difierent types of banding has remained about die same since the 
nrohthic period (Diver, 1929), showing that the balance is an 
enduring one. The problem, of course, remains as to why the 
close link^c has become a characteristic of the spedcs in the 
first instance, since no obvious advantage inheres in such a 

* ¥^mtk»iu iiscnir hem: a Cqpata, but ui much iuqit jriikiziR 

riUikui, siiKt they il&ci a laipc number of teUted and tndft:d f^icra 

(P 
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cottdirion. I'laidbne (1930; and sec discussion in Ford^ >93+1 
p* 84) has suggested that k is due to translocation of segments 
&om one chromosome to another. The unusual phenomeacm of 
the domtrucce of the mutant types ovci: a “universal recessive^" 
would then also be accounted for, since the oiutants would possess 
the translocated segment in duplicate, both in its original and its 
new position. Further, if, as is to be expected and as appears 
actually to be rhe casc^ the trartslocarion is la$ viable when 
homozygous, we could dispense with lethal as an expkn^ 
acion of the selective balance reached* 

The common sea-anemone Metridium sertile exists in a number 
of strikingly diffeimt coloor-varicrics. D* L. Fox and Pantin {19+1) 
enumerate eight, including white, red, brown, grey, and various 
combinations of theses in addition, there is much variation in 
the intensity of the colours. The dificrent forms occur in dUferent 
proportions in different localities. The various colourHypes 
depend on the intcrreladon of (t) lipcx:hromc^ giving colours 
from red to yellow; (2) brown melanin, restricted to the ecto¬ 
derm; {3) hbek melanin, restricted to the cndodein. There 
seems no doubt tliat the main types arc genetically determined, 
and differ in dteir metabolic properties, and also that the colour 
is here adaptively non-significant, but cortclatcd with some basic 
physiological diflerence. Fox and Panrin conclude that selection 
is weak as between the dificrent colour-varictics.and that this will 
account for the existence of the numerous phases. We have seen, 
however* that a selccrivc balance b required for this, and experi¬ 
ments on the physiological and ecological dificrenoes between the 
varieties should yield bteresring results* There arc the additional 
compheations that asexual reproductions occurs, and chat single 
mdividuals can persist for great lengths of rime, perhaps even 
indefinitely* 

In the Mexican frah-water fish Platypofdlus maculaiusj M. 
Gordon (1939) has found well over 120 patterns in a state of 
nature, mostly dependent on the recombination of 15 gene-pairs. 
This is a remarkable degree of polymorphism for a wild species, 
especially as coUcctions dating from 1867 indicate that it is a 
balanced one. furdiermorc, as in the examples we have 
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cited, icbted speacs and genera present much 

paraUei variation. Some of die excessive variation, however, is 
apparendy due to the fixation of “accideiitar' charaaers by drift 
(see pp. 58, 128). A quite di^rcnt type of balaoce occurs in 
variable plant species which consist of numerous ecotypes (pp, 

275. 276J. 

(ii) Ecological balance,on the other hand, depends cither on 
a diminution in the degree of selective advantage due to increase 
of frequency of one or all of the polymorphic forms above a 
certain level, or on an alteimtion in the amount or type of 
selection due to alteration in the environmental conditions. The 
best examples of the former eoncem mimetic butterflies. Either 
all the forms are mimetic, or one is non-mimetic and the other 
or others mimetk. If a mimedc form happens to become too 
abundant relative to its model, the protection afforded by the 
resemblaDce will diminish. Where certain mimetic forms are 
whoUy absent, the corresponding models are also found to be 
missing. In any area, a balance will thus be struck, depending on 
relative abundance of models, intensity of predation, and viability 
factors (p. i$i). 

Among the best-onalysed examples are those of Papilio polytes 
and HypnUmuu dubius. In the former case, only the females are 
polymorphic, exisdilg in three forms, two mimede and one 
non-mimedc. The species is a successful one, able to Hve outside 
the range of its models: it is then, of course, monomorphic, all 
females being nourmimedc. 

It seems dear that where models are available, mimicry confers 
a definite advantage, but one which diminishes rapidly with 
increased frequency of the mimedc forms. 

In Hypolimtms dubim, both sexes arc alike, and are dimorphic, 
with two mimetic forms (sec pp. 1^3-4), For the detaib of the 
gciiedc basis of the condition, readers are referred to Ford (1937)- 
In general the equilibrium due to ecological selective balance may 
be broadly compared with the effects of mass action in chemistry. 

As a matter of fact, Papilio polytes appears to illustrate a combtn- 
adon of genede with ecological control, since the two mimetic 


102 EvoLUTrcJK: TirE MOi>f'hN Synthesis 

fomii, bodt of i^-hiclt arc doinmanc, are more viable in the 
hotcn'jzygous than in the homozygous condition. 

Various authors have regarded as a theoreticil diihculty the 
fact that such enormous difieceiices in pattern, and even shape 
and habit, obviously involvitig many independent characters, 
can be controlled by a single gene. It should, however^ be clear 
that once a mutant type is established, conferring even a small 
mimetic advantage, the residual gcjae-complex can undergo 
evolution of tlic same nature as what we have discussed in 
previous sections (pp. 98 seq.). But here the extent of such modifi¬ 
cation may be pushed much further, with a result that is best 
described, not as a modification of die visible effects of the 
original gene, but as an addition of various new cScdcs, all of 
which, however, are dependent for their expression on the 
presence ot the original gene. Presumably this change in the gpie- 
complex will depend more on new mutation and relatively less 
on rccomhinarion of previously existing genes dian in e.g* 
alteration of dominaucc (see fbrd* 1937). 

We may put it in another way by saying that the original 
gcnenJifferctice comes to act as a switch coutrolling the action 
of numerous mutant modifyuig and modifiable genes, precisely 
as occurs in the case ol the primary scx-dificrenoe in regard to 
gmcrically sex-Undted characters. There is no reason for, and 
every reason against, postulaiing die sudden origin of the whole 
pattern by one niutaiiotx Further^ the frequent superfinality of 
the characters by which mimcdc resemblance is achieved shows 
that the resemblance cannot have arisen through parallel muta¬ 
tions occurring and being preserved owing to similariLy of 
conditions (sec PimncEt, 1915 ; Cott, 1940. p. 405). The apparendy 
cryptic colour-polymorphism of certain stick-insects and mantids 
may have a similar ecological basis. The egg^olour polymor¬ 
phism of the cuckoo, Curuhis h largely related to the 

risk of ejection by the host (Jourdain, 1925; Huskins, 1934). 
The different egg-colour strains are presumably balanced in 
relation to host-abundancCp 

In the ruff (MafA^trs polymorpliism is confined to 

males in the breedmg season^ and die number of distinctive 
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types Ls extraonitnary. No other bird rivals it. Ford (i940<t, 
p. 501) suggests that the cumuLitivc eBFcct on females of dbplay- 
sfiinulatioir by JHuuerous males at a coimnou coortiiij'-gri>uiid, 
(p, 480 Darling, 1939^ Huxley, lOSSa) prommcic inaxiiimm vari¬ 
ability. Mayi and Rand (1937) dtea pecubar and striking dimor¬ 
phism in tail-coloration in the bird Rktpidura bracityrhymka. 

Polymorphism is much commoner than usually realized, 
e.g. in birds and mammals only, it exists among squirrels, foxes, 
bears, cats, owb, herons, hawk^ skuas, etc. 

Next wc come to cases where changes in extcnial environment 
determine the ecological balance, not chose in internal eolations 
(relative abundance of rhe separate types). Wc have mentioned 
the common squirrel (p. 99. For plant ecotypes, sec p. 275). 

Elton (quoted by Ford, 1934, p. S3) has found tliac in the red 
fox {Vulpes fulva)., which shows trimorphism, the “cross” ty^pc 
being apparently a hecerozygote between red and silver, the rare 
silver type changes in its relative frequency in a rcguJar way 
during each of the lo-ycar cycles of abundance to which the 
spedes is exposed (p. in). In this spcdcs. Cross (1941) finds a 
rough polymorph-rario dine (p. 222), red being commoner to 
the S., silver and cross to the N. (and sec p. iSj). 

The arede fox (Ahpex lagepiis) is dimorphic in winter (blue 
or white). Only the W'bite type occurs in Kamchatka, and only 
the bh ie in certain Alaskan islands^ while on the Alaskan main¬ 
land a N-S gradient is found, the white type decreasing in fre¬ 
quency with latitude. {Sec also p, 217.) 

Here any selective advantage afforded by the white coat in 
wdnter must presumably be offset by some disadvantage, probably 
cotmected with viability, for the blue type to be able to exist in 
numbers at all. The primary basis of the dimorphisni (as in the 
red fox) is thus a genedc balance. But environment may somewhat 
alter this equilibrium, so that the balance is in part also ecological. 

A remarkable case wlicrc the relation with cmnionmcntal 
couditions is more direct is that of the hamster (Criemw frirents), 
as described by Kitikov (1934) and TimofeeS^Iiessovsky (1940). 
About 150 years ago the naturalist-geographer Lepekliin noted 
that in a certain region of Russia black hanisteis were unusually 
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prcviJent. Since then, the statistics of die Rii^bn fur-ntarkets 
have enabled biologists to trace the steady spread of die black 
t\'pe, until to-day, throughout a broad xonc along die nordicni 
border of the range of the spedcs, black forms are in the majority 
and in some areas are present to the total or virtual exclusion of 
the typical greys. This anta coincides with the sub-steppe (wood- 
steppe) climatic 2onc, and is cooler and moistcr than die steppe 
region proper, which forms the main home of the spedes. In the 
steppes the black type occurs only as an occasional aberration. It 
seems clear tliat the black form enjoys some selective advantage 
in tlie sttb-steppe area, while it is at a disadvantage in the drier 
steppes. 

hi the bird Cocreha, the recent replacement of die typical by 
the molauic form on certain West Indian islands appears to be 
'••Tiiliir (pp. 9411, ’03). In other eases, although the actual process 
of spread has not been followed, we can be certain that it is 
taking place. For instance, in die brush opossum {Trkhosufus 
vulpeada], melaiiic variants are very rare on the Australian main¬ 
land. In the Tasmanian subsp^dcs, however, they arc common 
Pearson (1938), from an examinadon of many thousand skins, 
was able to plot a contour (“phenocontour") ti^ap of the relative 
fretjueiicy of the black type, with contour lines (“isophencs”) 
marking regions of a given frequency. In the first place, he was 
able to show that neither an isolated small island off the north¬ 
west, nor another on the north-east on the course of the sub¬ 
merged land-bridge from Australia, contained black atiiiiials 
except as aberrations; diis demonstrates that tho abundance of 
the black type must have arisen after the isolation of the sub¬ 
species iu Tasmania. The north-west comer of Tasmania contains 
only black opossums, while on pans of the east coast the pro¬ 
portion is under zs per cent. There is no conektion of the 
frequency of blacks with climatic gradients. Tlie suggestion that 
the black type appeared (whether by new mutation or by the 
crossing of two carriers of the black gene in single dose) in the 
north-west, and is gradually extending eastwards, is confirmed 
by Conditions on die narrow’-nccked Tasman peninsula. This 
shows a markedly lower frequency of blacks than the adjacent 
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tone of the main bland : it seetm doar that the extreme narrow- 
ncs of its neck has hindered the spread of the black gene- 

It is interesting to note that Tasmania is cooler and nioister 
than Australia, so that the stmilaTity to the case of d!e black 
hamster is very close- Humidity also favours nielankni in Ciwreid. 

Another ease where a phenocontour map of a mutant r^^pc has 
been plotted, and examinadDn of the map shows that spread of 
the mutant is occurring and is being impeded by geographical 
barritTs. is that of the simplex condition of the teeth in the field- 
vole Microtus arunlis in north-central Gennany (Zinimcmiann, 
1935)- The aberration here consists in the aUcncc of the last 
ridge of enamel on the molar. Here the simpkx condition occurs 
in over 90 per cent of individuals In SchlesTA'ig-Hohtciri, with 
zones of decreasing frequency to west, soutli, and cast. The 
mountains of central Germany have proved a complete obstacle, 
while certain large rivers have obviously hindered tlic spread of 
the character. This ease is genetically slightly more complex, 
since various gradations in the expression of iIk character occur, 
and not only is the eharacter more frequent in the presumed 
cenire of origin, but also more extreme tn type* Ic b hirtlicr worth 
noting that the gradient in jwijp/cjt-frtquency bears no relation 
to another character-gradient or clitic (see p. 206) within the 
species, namely, the gradual east-west darkening and reddening 
of the coat-colour across the north German plain. 

In the Last two eases, the polymorphism may be regarded as 
transient, since the spedcs or sobspedcs appears to be moving 
from a condition in which a given character is rare, niaintained 
only by niutation-prcssurc, to one where it is universal, again 
apart from the rare and sporadic occuriencc of its allele* Tliis is 
theoretically to be distinguished from true polymorpliisni, in 
which a state of balance between the contrasting types is indefin¬ 
itely maintained, but it will not always be posible [o distinguish 
the one condition from the other (Pord^ 1940^)^ Thus Southern 
{1939) has shown that the bridled variety of the guiUeinot (Unit 
increases northwards from 0.5 per cent or lower to well 
over 50 per cent of the total population, in 3 fairly regular 
gradient. There is* however, no way as yer ot tclSiug wlictlicr 
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the two types arc indefiiutcly babiired aj’aJiist a climatic gradiciit, 
as with the arctic Ion, or wlicthcr the bridled type is spreading at 
the expense of the '‘noniiar’. The owl Mfgascops shows a ccmri“ 
fiigal dine befw'ceri red and normal (grey) forms in U,S.A. 
(Hasbroiicls, i8<)i); while that between dark and light fnlmar 
petrels is rather more complex (p. ityj. 

Mather (1941) has recently propounded a possible genetic 
cxpbnation of dines in such apparently non-adapiive characters. 
He sugge$ts that tlie gene responsible is linked with one of two 
balanced polygenic combinations within homologous chromo¬ 
somes (see p. 67), affeeting some otlier character, and that tliis is 
related to some envirotimenial condition. The mean development 
of the character wiU be adjusted by the relative frequency of the 
two combinations, and tlius the frequency of the linked gene will 
also vary in relation to rite environniaital gradient concerned. 
One may add that tlie same result would be obtained if one of 
the genes in the polygenic combination were plciotropic and also 
produced the visible cfFcct (c.g. bridling), 

A frequent condiuon found in nature is that of regional or 
geographical polymorphism, when two or more contrasted forms 
are confined to diHerent regions. Thus in the moth Spi/osema 
nmuika (Ford, 1937). the normal condition is for the mde to be 
dark, the female white. In Ireland, however, the males as well as 
the females are white, and this condition (variety ruaUa) is known 
sporadically on the European contuient. Such a state of alTalrs 
may represent the final stage of a transitory polymorpliism, in 
an area which favours the spread of an alternative type (cf. dtc 
brush opossum, p. 104), or be due to coloniaation by one only 
of the two forms (and see p, aba). Elsewhere, the condition may 
represent the end of a dimorph-ratio dine. Thus, in Aedpiter 
novae-ltcHlatidiae ((>, 184) such a dine cuhtiinatcs at either end in 
an area exclusively inhabited by one of the tw'o forms. Again, 
the white form ot die palearctic moth Leucodeuta bkoloria, 
abunihtnt in the cast, decreases westwards and is absent m the 
extreme west (Suomabinen, 1941). 

We may coticludc by referring to the floral dimorphism of 
liigher planes, even though that is solely or mainly environmental 
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or dcvciopj^icxita! in its determiiiation^ not generic. Floral dimor- 
pKism is concerned witli die relation between cross- and sclP- 
poUinadon^ {See Kemer and Oliver, 190^, for a good general but 
somewhat out-of-date account; Uphof, 1938, for clcbtogamy; 
p. 140 for gynodioecism; Mather, 1941, for lieterostyly.) 

Striedy spcakingp the term dmiorphism should prhaps only 
be employed when whole plants of distinct tjpe are found. This 
ocems in most cases of gynodioedsnip c.g. in the common 
plantain Flantagc ImccoJata^ the viper^s bugloss Ecfc/iiwi 
etc.p w^hcrc some plants produce normal hermaphrodite floweiSi 
while others have only female (pistillate) flowets. which arc 
sometimes smaller than the hermaphrodite ones; in a few cases 
of cicistogamy, such as the bal^ Impatietis 
where in addition to plants «ccludvely producing rhe normal 
showy dowxrs, others may occur bearing only the inconspicuous 
and permanendy closed cleistogamous flowers adapted solely to 
sdf-poUinarion (as well as still others with both t)'pcs); and in 
heterostyly. Mather (1941} has an mtcrcstmg discussion on the 
evolution of heterostyly (see also Madier and de Winton, 1941). 
He points out that an illegitimacy reaction appears to be compul¬ 
sorily associated with hcterostv^Iy, and is die chief bar to inbreed¬ 
ing. Homozygous thrum plants, which normally do not occur ni 
nature, arc less viable than the heteroiygotics or the rcccssives 
^pms), lliis reversal of the usual relations of doiniiiance lo via¬ 
bility' must be due to the accumulation of deleterious mutaiions, 
in the region adjacent to the dmtm gene, whkb will only exist 
in naoue in a hcterc«tygous condition; this is similar to the 
accumuladoti of loss mutations in die Y-chtomosomt, which has 
led to its almost total inertness (p. 1 |S)* 

If conditions demand greater stability^ and therefore inacased 
inbreedings in some cases selection may reverse the in tensity of 
the illegitimacy reaction. Since commcrctal seed-raisers prefer 
5clfingp this has occurred with cultivated spedes, e.g. Primata 
juienjjj. Here the fertility of illegitimate retarive to that of Icgid-^ 
mate pollinations has almost doubled since die experiments of 
Hildebrand and Darwin in 1864 and 1877. Another possibility 
b the selection of mutants giving honiostyle plants which are 
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then capable of self-pollination. This has occurred in nature 
{see pp. 222, 31 j], 

Li s few eases of hetcrostyly, such as certain spedcs of PTimuIa, 
the two types of flowers aistt have different-sized corollas. In 
some eases the “pin", in others the “thrum" type is thus distin¬ 
guished. The meaning of these kst conditions is obscure, Keriicr 
and Oliver (1902) suggest that the smaller size of corolla is 
associated with the type where autogamy is more prevalent, and 
cross-pollliiation accordingly less essential; but this Dr. Mather 
informs me is not in accord with experimental facts^ 

It is also quite logical to use the term dimorphism for types in 
which two distinct types of flower are produced on die same 
individual plant, as occurs in most clcistogatnous forms (species 
of Viola, Glrffwma, Lamium, Oxalis, HeUaHihenmm, Jutiais, many 
grasses, etc.). Further, it b perhaps even legitimate to extend the 
concept to cover the frequent combination, in one and the same 
flower at dificrent times, of definite devices to secure cross¬ 
poll inadou and self-pollination. This would then constitute what 
we may perhaps call a dimorphism in time, since in die great 
majority of eases the plant produces flowers which arc adapted 
to ensure crass^poUination, but if this does not occur, it trarii- 
forms these same organs into what is virtually a new type of 
flower adapted for sclf^pollinanon. 

Furthermore, in all these eases, a selective balance is at work. 
However, the balance is a coniplcx one. In pbnts whose flowers 
change from cxc^my to autogamy, as well as those wliich 
produce both showy and cleistogamous flowers, it used to be 
supposed that all th^ was involved was wliat the experimental 
embryologists style "double assurance” {doppdte Sicherung) to 
secure pollinatioti. Cross-pollination was assumed to be In some 
way better, btit if, through lack of suitable insects or other 
reason, it chanced not to be effected, then the plant fell back on 
its second line of dcfctice, in the shape of self-fertilization. This 
in itself would constitute a selective balance of an ecological 
nature. The advantages accruing from cross-fertilization arc 
o&ct against the disadvantage of its not being always possible; 
the disadvantage of having to produce a second type of flower 
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(or to develop new adaptations, within the original Howlt) is 
offset against the advantage of assured sced-^production, 

Ecological facTors may further complicate the piemre. Thus 
certain spedes produce solely or almost solely cldstcgimous 
fiowen when grow^ing in deep shade, where few inseccs are 
likely to visit thetn^ but go to tlie reverse extreme wlicn grown 
in stmny open localities. In cleistog^ous flowers are much 
more abundant in high latitudes; this is dt^ to a photo-periodic 
response (Borgstrom, 1939)* Along these lities^ the course of 
evolution of the cleistogamous condition is readily envisaged. 
CleLstogamy in the strict sense implies a special type of flower 
which not only does not open^ but shows other adaptations; 
usually the petals and stamen aie reduced in sbcp and the pollen- 
grains are not liberated from the anthers but gemunate in nVw. 
This condition has doubtless followed on one of ”pseudo- 
c]eistogatny^\ wbcrei in certain ecological conditionSp the nomial 
flowers simply fail to open and seif-poUinacion occurs- 
This, however, is not die whole story. Autogamy* it is now 
rcaiiaed, is not merely a pis dlter. It has certatn advaniagcSt in 
perpetuating tinchangcd a vigorous and well-balanced genetic 
consdmrion once this has been evolved. This stability, however, 
will only be advantageous so long as conditions also a^maut 
unchanged: in addition, an entirely stable type loses die pt^i- 
bility of invading new envkonnients. Thus the provision of 
devices for both cross- and sclf-fcrdliaation constitutes a balance 
between die advantages of plasricicj' {with its disadvantage of 
wasteful production of less well-adapted recombinations) and of 
stability (wdtli its long-term disadvantage of absence of adjust¬ 
ment to new' conditions). Sontc forms ate exclusively of one or 
the other type; but in a large nuinber, probably the Jiiajtsrity* of 
flowering pbntSp the tw^o liavc been brought into babiice, with 
conscquci^t floral dimorphism of one sort or anotlicr, 

A third type of selective adv^mtage concerns the degree of 
waste of ganicrcs associated with a particular mode of repro¬ 
duction. This wastage is especially marked in monoecious 
plantSp and ics implkariotis are duenssed in reference to die 
selective balance involved in gynodioccism (p. toy)* 
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It is difficult to ’cv^uace the piecisc shares of these various 
advantages and disadvantage in 6oral dimorphism. We must be 
content to observe that a selective balance b involved, and that 
the dimoq^hisln is Lbeceby maincained. 

In ocher cases the dimorphisn] is between sexual and vegetarive 
reproducrion. Dr.W* B* Turall informs me in a letter that in the 
lesser celandine, Royitificw/nj Jkaria^ the following types of repro¬ 
duction ocoir: normal amphimixis, apomixi^ abundant vege¬ 
tative multiplication (of two types; one variety is wholly or 
almost wholly vegetative in its reproduedon), and plants with 
only male, only female, and only hermaphrodite flowers. Differ¬ 
ent populations show difi^nt proportions of these various 
types. Here, in the field of reproduction, wc may perhaps have 
something akin to the balanoe of ecotypes in many plant spedes 
(P- I??)- 

Wc may in fact conclude that poly morphism always involves 
a selective balance, whether it is determined geneticaily^ or 
environmentally, or internally by ihe processa of normal 
ontogeny, as when two oc more kinds of persons or organs, 
adapted to different functions, are formed by the same colony 
or individual {for sodal hymenoptcra see p. 4^t2 ii). 

Finally in view of its peculiar evolutionary interest as inevit¬ 
ably involving a selective balance and as in sonic eases leading 
by way of ecological regional differences, to sharp geographical 
dyferentiauon, genetic polymorphism desert'es the most incensivc 
study, especially in cases where the rados of the types are geo¬ 
graphically graded, since here we may hope not only to measure 
the intensity of the selective forces at work^ but also to discover 
something as to their nature* 


(c) Selection in jitiehidting populathm 

Elton (1930) pointed out that the customary assnmpdon 
of a populadon approximately constant from year to year is very 
far from the truth for many^ if not most, species. A stable '^balance 
of nature docs not exist Fluctuation in numbers, rather dian 
constancy, is the rule. This fluctuadon may be broadly progre^ivc 
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towards increase or decrease, it may be iitcguUr, or it may be 
cyclic and regular. 

Animal species subject to sudi regular or periodic fluctuations 
include lemmings (Le#«»it«), snowshoc rabbits (Lepio micriemmi), 
mice, voles, Jerbils and other Muridac, foxes {Fk/jks, Alopex), 
lynxes (Lyruf), and other for-bearing caniivorcs, certain birds, 
sucb as ptarmigan (Lagopits) in Labrador and nutcrackers (Nwft- 
fiaga) in Siberia, some invertebrates, land and marine, and 
probably certain antelopes and odier larger mammals. The 
period of the fluctuation from crest to crest of abundance varies 
from 3 to 4 years in the smaller rodents, to lo to ii years in the 
snowshoe rabbit, and probably a good deal longer in certain 
ungulates. Ttic dificrenoc in abundance between crest and trough 
may be very great. In the snowshoc rabbit the ratio of high to 
low popubdon numbcis in extreme cases must reach at least 
too : I. An irucicsdng point made by Rowan (1931, p. 62) for 
ranadj ft n birds is that migrant species arc not affected by tlicsc 
cycles. In years when the grouse population has been reduced 
to a minimum, the migrants arc present in normal numbers. 
This fact must, in combinadon with others peculiar to migrants, 
have important evolutionary consequences restricted to migrant 
forms. However, it seems nor to be of imivcrsal occurrcnce. 

Elton has pointed out certain important evolutionary conse¬ 
quences of these facts. In the first place, both the intensity and tire 
type of selection will vary contin uously during die cycle. During 
t^ period of rapid increase, wlien numbers arc low and conditions 
favourable, the intensity of selection will be very low. During 
the peak period, intraspecific selection due to pressure of compe¬ 
tition will be high. Since the catastrophic fall in numbers is 
normally due to infectious disease, selection during tliis period 
will mainly concern discase-tesistance. And in the subsequent 
period of Unfavourable cnvironmeiital conditions (for all these 
cycles seem to have an cxtcnuil detenumadon) selection will be 
concerned with resistance to cold and hunger and similar aspects 
of the struggle for existeticc. To use Eltoifs metaphor, tire species 
is put through a series of examinations, widi easy times be tween- 
whiles, and the difietciu examinations test diflerent capaciciLS. 
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Apart from special resistances, such varying selection will promote 
a general elasticity of respome. 

EUoii also tna^e the suggestion that periodic Huetuadons would 
allow greater scope for chance in evolution, since if a rare muu- 
don or gene-combination happens to be present in the much- 
reduced minimum popubdon, it will be automadcally reproduc?ed 
in the same proportion dudng the period of rapid increase when 
the stru^le for existence is light and the tmensity of selection low. 

His views have been criticized on mathematical groimds by 
Haldane. However, the prtx>t of the pudding is in the eating, 
and the studies of Ford and Ford (1930) make it clear, first that 
selection-intensity may actually be relaxed during a period of 
rapid mcreasc, and secondly that when it is once more dghtened 
up, the resultant type may differ from that obtaining in the pro¬ 
ceeding period of abundance. They observed a sharply isolated 
colony of the small Greasy Fririilary butterfly, Mclkaed mrinh, 
for thirteen years^ and obtained records and specimens for a total 
period of forty-nine years. The population was increasingly 
abundant &om 18S1 to 1897; it then decreased, and became 
scarce by 15S06 and extremely rare from 1912 to 1920. A rapid 
increase to abundance then took place to 1924^ from when until 
1930 it showed a progressive slight further increase. 

Variability was sHght during the first relatively stable period 
of abundance. During the period of rapid increase after scarcity, 
however. (1 quote from Ford, 1934* p. 77), ‘'an extraordinary 
outburst of variation occurred. Hardly two sped mens were alike 
and marked dcpartuies from the normal form of the species, both 
in size, shape and colour^ were very commorn A high propoitiori 
of these were deformed in various ways, the amount of deformity 
being closely correlated the degree of variarioiu*^ 

With the colony entered on its second period of abundance, 
the abnormal types and extreme variants practically disappeared, 
and the population settled down again to a utiiforni This* 
however, was not the same as before, bui recognizably distinct. 

It seen IS clear that the relaxation of selection during tl^e recovery 
period allowed an excess of variability; and that when it again 
became rigorous, the new stable type was slightly difforait* 
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owing to the accidental incorporation of difTerent genes. R. L 
Berg (1941) Has demonstrated a similar effect in micropopu- 
ktions of Drosophila aiel^gasiert aberraaom mcreasirig with 
decreased intensity of selection, 

Sewall Wright (193 a), in discussing such problems in more 
general terms* concludes that there must be available to most 
species a nunibcf of genc<ombimtions all of about the same 
survival-value; he compares them to peaks* separated by "valleys^* 
of intermediate combinations which ate less favootable. Normally 
it is difficult or impossible for selection to shift the type from an 
established peak to another, although this might be equally 
satisfactory if reached: but when the inteusity of selection is 
reduced {or when low siac of population promotes the accidental 
survival of genes and gent^ombinadons: pp. 58, 199), many 
^'Valley" combinadons arc realised* the spedes can cross dryshod 
to other peaks, and it will be a matter of chance on which Ararat 
the type eventually remains perched when the rising dde of 
selection again floods out the valleys. 

Elton draws a further interesring conclusion from the facts of 
periodic ductuation. He concludes that it will have promoted 
the migratory impulse which is so strong in so many types of 
animals when in unfavourable condidons. At first sight, the 
existence of this impulse seems ha[rd to explain on any selective 
hypothesist since+ in the mote spectacular mass emigradous, such 
as those of locusts* lemmings, or certain butterflies, all, or all but 
a negligible fracdon of die migrants perisk while the population 
is renewed from among those which do not maruf^t the impulse 
and stay in their origuial habitat. One would thus suppose that 
ntigratory tendencies would be strongly antagonized by sclecnon. 

However* although sudi migrations are exceedingly striking 
and have thus received a disproportionate share of atiendon 
from biologists, they arc* in fact* but extreme and in a sense 
abnormal manifestations of a much more widespread phenome¬ 
non^ namely, an impuhe to react to unfavourable conditions by 
changed behaviour, notably by movement away from an 
envirorunenc which has become unfavourable. This does not 
normally result in mass migration on a vast scale, but in an 
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irregular movcnicnt that disperses the population over a wide 
area. WIkh lemmings arc scarce « the Arctic, snowy owls 
{Nydea nyaea) descend into north temperate labtudes in scardi 
of food (Elton, 1927, p. T2j). When die cedar-cone crop &ils in 
Siberian forests, the Siberian nutcrackers caryocatactes 

rtuicrorltY}tcims) leave their usual haunts and may reach western 
Europe (Fomiosov, tpj j). And many quite small and inconspicu¬ 
ous movements of animal population arc going on all the time. 

When migration is of this less extreme type, many individu^ 
which would otlKrwise die will survive temporarily in regions 
beyond the normal range of die sjiecics and be able to return 
later to their original habitat, while others may survive by 
reaching and remaning in other parts of the normal range, hi 
addition, some individuals may be able to survive and to remain 
in areas outside the normal habitat of the species, either by 
adopting slightly dilTcrent habits and so colonhting different 
habitats within the original geographical range, or by colonizing 
aieas outside this range. This extension of habitat may in the first 
instance be dependent on a non-inherited modification of 
behaviour, mutation and selection lamr stepping in to fix the 
change genetically (the “ocg^c selection” of Baldwin and 
Lloyd Morgan, pp, 304, 323); or genetic variants may find diem- 
selves in stirrounditigs to wtuch tlwir cotistitudoti is better adapted 
than was the normal environment of the species (pre-adaptation, 
see p. 449). In either ease, Diigraiiou will have been advantageous 
to the species as well as to the individual. 

Elton (1930, p. 32} draws an illuminating comparison between 
the sexual process and the migratory urge. Both arc extremely 
widespread, and both confer additional evolutionary plasticity' on 
a species. The sexual process enables the species to exploit to die 
fullest extent the mutations, old and new, which are carried by 
the spedes or which crop up during its evolutionary career, by 
making possible every kind of recombination of them, I'lie 
migratory impulse, in rebtion to unfavourable coudittoiis, luis 
a precisely analogous effect, in increasing the range of environ¬ 
mental conditions with which any generic variation tliat exists 
can be brought into contact. Tlic two are complcnieutary and 
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oftcD mutiully reinforcing processes, ind botb iuve their most 
important function in rimes of stress. 

Fluctuarions in nombcis^ both inegukr and periodic, thus may 
have important evolurionary consequences, 

7. mutation and ivoLirnoN 

There remains the difficulty that most mutatiocis so far investi- 
gated arc deleterious, if mutarions arc the raw material of evolu¬ 
tion, ic is clearly not enough that they should be as it were sterileBed 
and rendered innocuous; some of them must sometimes be, or 
become advantageous. However, this also is not so serious as 
at first sight appears {pp. scg.). Since the gene-complex is an 
elaborately co-^rdiuated ss'Stem, any changes in it arc much more 
likely to act as defects rather than as improvements. Further, the 
larger the change the less likely is it to be an improvement; and 
inevitably the gencriost will deiea Urge changes more readily 
than small. The detailed analysis of the last ten or fifteen yearSp 
however, has revealed large numbers of getie-dificrences with 
extremely small effects, down almost to the hmit of decectabihey. 
It is not ody possible but highly probable that among these are 
to be sought the chief building-blocks of evolutionary change, 
and that it is by means of small mutarions, noubly in the form of 
series of multiple allelic steps, each adjusted for viability and 
efficiency by recombinarions and further small mutarions, that 
progressive and adaptive evolution has occurred. Indeed, in eases 
where lerde species-crosses are possible, this contendon has been' 
definitely proved, as for instance by the prevalence of mulriple- 
faaor (^lygcnic) diflerences, each factor with only a small 
effect, as the basb for specific difference in A^tirrkimim {Baur, 
1932), Phaxolus (Lamprechtp 1940^ cotton {GQ^pium, Silow, 
1941), etc., and in wolf-dog crosses (lljinp 1941). Many sub¬ 
specific characters have a rimilar genetic basis, c.g. in the plane 
Cofnclina s&tiva fTedin, 19^5), ^ deermice {Pmmysim), gipsy- 
moths (/-pmfifDrt)* etc. (see Dobzhamky* 193 7f Chapter 3). 
Specific differences in Dr&wpitilfi depend on many single genes, 
oficu grouped ill polygenic systems (pp. 35^^ scq.; Mather. 1940- 
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The very brge number of gpnes with small cflccts involved in 
the inhciicance of quantitative characters has been stressed by 
‘*Student**« With reference to Winter's experiments (1929) on 
oil-content in maize, R. Fisher (1933^) writes: "all commerdal 
varieties must be segregating in hundreds, and quite possibly 
in thousands , of factors*” With this amount of available variauce. 
Winter was able to select high and low Imcs difiering sb^oM in 
oil-contient. Silow (1941) estimates that in cotton (Gossy/tiMm) 
the closest species differ in wet half their genes* 

It must be admitted that the direct and complete proof of the 
utUization of mutations in evolution under natural conditions 
has not yet been given. Even the case of industrial melanism, 
apart from its concerning the results of man’s interference, will 
not be compkee until the induction of melanic mutations has 
been finally disproved. On the other hand, a complete and direct 
demonstration b inevitably very difficult to provide. The muia- 
tions concerned will normally have small effiects. Thus the species 
concerned must be easily bred, and should have been subjected 
to detailed gencdc analysis: otherwise small mutations will not 
be detected. The species must then be followed through a period 
of evolutionary change, 2iid during thb period sclecDan must be 
proved to have been operative on certam muudons. 

Thus it b meviublc that for the present we must rely mainly 
on the convergence of a number of separate lir^ of evidence 
each partial and indirect or incomplete, but severally cumulative 
and demonstrative. 

These diffierent partial lines of evidence may be summarized 
as follows:'— 

(i) existetue of small mutations, Thb has been proved in 
every organbm subjected to detailed genetic analpb. While 
tnost of these are dektetious, it should be remembered that 
leveise mutations to wild type have frequently been demon¬ 
strated, both “spontaneously" and under the influence of the 
same agency (e.g. X-rays) used to induce the original mutton. 
Thus it cannot ^ maintained that the process of mutation b of 
its nature dekterious, since *he “abnormal” can mutaic to the 
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"normal" Position-effects due to small sectional rearrangements 
(p. 92) must for our purpose be included in tbU category, 

{2) The existence of mendelizing variations oj snuil extent certstf- 
the differential characters of subspecies and species. This has 
been shown in many cases^ though it can, of course, only be 
demonstrated for species where fertility and segrtganon occur 
after an inter^spcciflc cross. However, the cases of this arc fairly 
nurnerous (see Haldane, 193 2^, Chap, 3; Goldschmidt, 1928, 
Chap, 15; Dobzhansky, 1937, Chap, }}. 

This point is important, since tlic presumption is very strong 
that all mendelizing variations owe their origin to mutation. 

(3) The existence of seketion-fressure against snuitt uafavmtrakle 
nuitatiotts. All cases of reduced viability In culture and of elimin- 
ation of deleterious mutants in nature fall under this bead. One 
of the best proofs is the low mddenoe of mutant genes in the 
sex^hromosoinc of wild-caught individuals as compared with 
their incidence in the other chromosomes (autosomes), as dis¬ 
covered by C. Gordon (193d) and by Dubinin and his co-wotkcrs 
(1934, 1936) in Drosophila. 

Recessive mutations in the autosomes will not exert their 
effects unless in double dose, and they cannot occur in double 
dose unless two individuals heterozygous for the gene happen to 
mate, which will be a very rare event. Sex-linked mutations, on 
the other hand, will immediately exert their c*cts on a munber 
of males, since these possess otdy a single sex-chromosome, so 
that any recessive genes located in this chromosome can exert 
their effects in single dose, not masked by their normal allcl^ 
morphs. If the e&cts comprise reduced viability, selection will 
at once be brought into play and will rend to eliminate the geu^ 
from the consdtudon of the species. 

Thus both the recessiviiy of most mutations ^p. 75 ^ 

the scaredey of sex-linked recessives are consequences of selection, 
A special case is the proof by Gerould (i9^t) that the norm 
grass-green larvae of the butterfly Colias philodice enjoy a sclecdvc 
advantage over the blue-gieen recessive mutant type in relation 
to the attacks of bird enemies, no doubc on account of their 
dose resemblance in colour to the food-plant. 
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(4} The existence ^ mut&tims which Jrom the mii$et are non- 
dehteriouSj onJ cspedally <ff these which are petentially favaumble. In 
view of the icciurcnc nature of mutation, it is extremdy imlikcly 
that in an experiment mutadons should arise which are markedly 
favourable at the outset, in normal conditions; for in most cases 
such mutadons would long previously have been incorporattxl 
in the consdtudon of die species. 

Of mutadons Tvliich appear to be potentially favourabic" 
i.c. capable of being immediately udli^e^ by selecrion in certain 
conditions (sec pp. 5 Z, 449 ffi)—there are numerous examples. 
We may mention the mutations in seed-weight of beans found 
by johanmen (p* ^zyi those modifyiiig hooded patrern in rats 
(p. 65); the mutation altering temperature-resistance in water- 
fleas by Banta (p. 5z); and diat in tobacco adjusting flowering 
to a diffcrctit rhythm of light and darkness (p. 52)^ Some of the 
mutant genes found by Dubinin ft a!. (1935) in wild Dwsoplula 
might readily increase (or even become the **jiormaI type”) 
under slighdy altered conditions. The higher variability of 
abundant species demonstrates this process in action (p. 58 n.), 

Zimmermann (1941) has found numerous recessive genes in 
the heterozygous sute among populations of wild rodents, not 
only house-mice {Musm. muscuhs), but ahotield mice (-dpudemMs) 
and voles {Cleithrimotnys). Though some of these were for gross 
abnormalities, and others for partial albinism or spotting^ still 
others determined characters which might readily be utilized 
in normal cvoltirion^ e.g. a darker type of agouti. In one case 

a dominant gene was found, changing 
the normal red of the back to the brown cliaracter typical of the 
alpine subspecies C. g, mgerL 

An interesting example from domestic aninials is that of 
frizzled fowls. These have a peculiar plumage^ with upcurled 
feathers which do noE retain heat wcU* and arc at a great dis¬ 
advantage in temperate climates. The condition depends on 
mcndclian genes {F. G. Benedict, Landaucr, and Fbx, 1932). 
In tropical climates, however^ as in West Africa, the breed is 
extremely common: here the frizzled plumage is an advantage^ 
since it enables the birds to keep cooler dian normal birds 
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(pp* 7^1 Haldane, 1935 ; Landantr and Duim, 1930 ; Latidauer, 
1937 ; Landaucr and Uphanii i93^)- 

{5) Tit€ cxisti^ue {?/ gatetk polynmphisjn witldn d spcctes. Tills, 
as we have seen (p. 97 ) > can only occur where dierc is a selective 
balance. Since both the visible and the Icihal characters involved 
arc known to meiidclize in ail cases properly investigated, the 
presumption is that they alw'aj's do sOp and the furtber presumption 
exists that they owe their origin to niotation. 

Bcaurifid examples of the action of selection in causing die 
spread of favourable mcndclian characters arc seen in those cases 
of generically'-controllcd polymorphism where one typCp when 
freed froni its linked Icdiaf has ousted the odier (p, 9S)* as wcU 
as in those where a inutam or rare allele spreads in certain environ¬ 
mental conditions^ as in the iiidiistriaj melanism of moths, and in 
other cases (pp. 94, 104, 20j 

Polymorphism must be distinguished from normal variability^ 
however large, grouped in a single normal curve of errort or at 
least one without sharply de&rted modes- When, however, wide 
normal variability exists, it appears, in so far as it is genotypic, 
to depend on mendelizing factois and their rccombmationSj since 
when a cross is made between extrerne variants, the F 2 is much 
more variable than the Fj. The adaptive reasons for the existence 
of high variability of this umniodal sort are unknown, though it 
would appear that in some cases they must exist. Possibly it 
supplies the same kind of plasricity in relation to a wide range of 
environmental conditions as is found in plant species with numer¬ 
ous intergrading ecotypes {p, 275 ). , . .j r 

( 6 ) Ttie tfcct vf variiUim 4 conditions in alkTing ifw madaice oj 
stketion on (d) nudoiimis, or (i) fioturony^i^ifig di§trm^es. 

In some eases niuuuons, wliieh in what may be sen ■ ^ 

noniial conditions are deleEcrious, may become advm^gcous in 
other conditions.* A good example is that of the vcsdgial-v^ged 
mutant of Dfosophiiat studied by Spencer ( 193 s)- In 
near the optintum, vestigial b much shorter-Bved d™ wild- 
type. But if vesrigiak md normals arc kept together without food 

* WhL]\ thw ii Si> rhL’y fill aji^vcniently nailer the heading of pre-anJaputuKU; 
UiEt subject is C3(painicd in Chiptt-'t 8. p. 449’ 
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and water, the vHCsrigials survive longer. Thus in euviroiuticftts 
w'hicli occasionally become very unravourablc ilic vestigial type 
might even oust ‘^bc normal. It is worth noting iliat the advantage 
or disadvantage conceras the viability characters: die size ot the 
wings would thus be a "correlated diaractcr” ol no Lnimediate 
selective value (pp. 63, 206), On the odicr hand, reduced size of 
wings may have a direct selective value in certain conditions. 
Thus L’Hcriticr, Neefs, and Teissier (1937) working with 
vestigial, found that flics with this character survived better than 
wild-type DfOJflphflfl when subjected to constant wind. Tliis, as 
they rightly conclude, has a bearing on the presalcnce of ni>ects 
with reduced or funcrioiiless wings on iKcanie islands (p. 453). 

Variation in the environment often leads to selection of certain 
types from among the range occurring naturally. This may refer 
ei^r to continnous or discontinuous variations. An example of 
the former U the case described by Harrison (iS'ZOff) of the selec¬ 
tion for depth of pigmentation in the moth C^eniu'd dfiruniHufii. 
The relative abundance of lighter and darker forms in a dark 
pinewood and an adjacent light birch wood was quite diflerent, 
and so. but inversely, was the intensity of selection, as revealed 
by the number of wmgs left by birds. Tlw result was that in the 
dark environment the darker types had become sixteen rimes the 
commoner, while in the light environment the lighter types were 
six rimes more abundam than the darker. (Sec alsvi p. 469). 

As an example of selection between sharply-delimited types we 
may mention the experiments of extreme interest carried out by 
Sukatschew ( 1918 ) on pure lines in dandelions {Taraxatum). He 
found that altering the density of total numbers of plants per 
plot might completely alter both the survival of the seedlings and 
the fertility of the survivors, so that a piuc line which was mferior 
in one set of conditions would oust the rest if the conditiens were 
changed. 

We may also consider selection as between related specks. 
Here, similar results to those with varieties of dandcUons have 
been obtained by Timofeff-Ressovsky (1933) with the compe- 
ddon between die larvae of two specks of at diflerent 

temperatures; by Tansky (1917) on the varying results of 
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competition between two species of bedstraw (Gisiiwfw) according 
to the type of soil on w'hich they arc growing; and by Beauchamp 
and Ullyott (193^) on the decisive effect of temperature in bring¬ 
ing about the selection of one or other of two species of compet¬ 
ing planarian worms. 

Sukatschew^s detailed analysis is entirely in accord with the 
elaborate ecological work of the Staplcdoii school, showing the 
cSect of varying intensity of grazing on the survival of different 
species and strains of pasture plants. 

In bacteria, the alteration of type with culture-medium appears 
noi to depend upon any Umarckiaii or itiodihcacory effect, but 
upon the selection of variants (to use a non-committal term), 
though die method of origin of these is still obscure. Again^ 
selection has diflerent effects on different pure lines of yeast 
according to conditions (Cause, 1934)* 

The diminution in size and other changes which occurred over 
a period of 150 years in a siock of horses placed on Sable Island, 
Nova Scotia, appear almost certainly to be due to selccricn in 
rcladon to the somcvihac unfavourabie conditions (Gates, 193 
This doubdess has a bearing on the evoludon of dwarf forms of 
Urge mammals on islands or near the limit of their range, for 
instance the very small Spitsbergen race of reindeer {Raitgifcr 
taratklui), the pigmy ekph^cs, now extinct, of Malta and other 
Moditerrancan islands, the Corsican subspecies of the red deer 
(Cermi chphm)^ etc. 

(7) The inierncthn 9/^ or more unfouourablt muMioiis to produce 
0 fieutrol or beFteJiaal effect. We have s^ken of the cases of the 
mutations for red and transparent eyes in Ephesti^ and for piuple 
and arc m Drosophila (p. 69)* Ano^r case, of a rather different 
kind, is that of the TQcc^ivr^facet^ftotched^ which produces a notch 
at die free end of the wing in Drosopkiia^ Its alklomorph focett 
also a recessive, produces irregular ommaridia in the eye, together 
with a slight irregularity of the wing-cypes- When, however, the 
heterozygous combination of the two b syntbesiacdj. it is found 
to produce no visible effects. The combmadon of the two teecs^ 
sive alleles restores the appearance and viability of the wild type 
(GlasSp 193 3 s who cites other cases of the same phcnometionj- 
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Such 3 state of affairs might lead to die cstablishincnc ofgcncdcally- 
condidofted trimorpKisni. 

(8) Tli^ &J seketht; u/ the gene-<ompItx in akcrinj^ (he 

€xpres$wfi {ff mttathnSf and csptcially in aboHshtng iheh mifanaurat'k 
action udnle Tctmmng other Wc h^ve dealt with numerous 

cases of this phenomenon earlier in the chapter* borh as regards 
natural and artificial selection. The most surtking cases are 
eyelet in (p. 63)* the crest character in fowls (p. 73 J and 

the resrored viabUity of red-eyed meal-moths when tlic nmtatit 
gene responsible U combincsl wirh another recessive gene (p. tSK)* 

(9) The existence of genetically-detennined adaptations. Once 
more the prcsuniption b that these, if geticdc* liave arisen by 
mutation. If they arc truly adaptive* the presumption is that they 
have arisen by selection (sec Chapter 8 for a dcveioptnetit of this 
argument and for examples). 

(10) Tiie comiation between the incidence and type of genetkaliy- 

determined nariadtms in parts of (hr range if a spedes with 

variaiion in the tanditwns and with the hicidence and type 0/ selection. 
Some of the best cjcaniples concern polymorphic niimedc 
butterflies. Wc have fmt the adjustment of the frequencies of the 
different mimede forms to the frequency of their rcspccdvc 
model species; secondly* the adjustment of the pattern of the 
separate forms to the geograpliicaf variation of the models* or to 
the replacement of one species of model by another species; 
and thirdly, the rthixadon of dose mimede rcscmbUticc in areas 
where the mimic outnumbers the model (p. tot). None of these 
phenomena can be explained except on sclccdonist grounds. 
Another equally good example concerns the replacement of the 
“normal"" type of the species in certain parts of the animal's 
range by a type which remains rare in other regions^ c.g, black 
Caereba^ black hamsters, black opossums, voles with simplex 
type of tcetli, mclanic moths, bridled guillcmois, etc, hi all such 
cases, there arc general grounds (p. 97)* and in some cases particular 
grounds (p. 95) for bdicvmg that selection is at work. 

These various lines of evidence all converge to support a 
neo-menddian view* some showing that small mutations occur^ 
others that selection is active* that some mutations ore potentially 
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bcncficblp chat tlirough sctcdon of the gctie-complex. mutations 
can be adjusted to the needs of chc organisnip and that adaptations 
aie genetically determined and vary in type and accuracy with 
dirccrion and intctisity of ^Iccdom 

Three further general points of conddecablc importance must 
be mentioned. In the first place, R. A, Fishec (193M ^ provided 
mathemadcal proof of the interesting theorem chat the combin- 
adon of mutations to provide adaptive improvement in an organ 
or process in which ihe harmonious adjustment of many inde¬ 
pendently varying characters is required, is much more readily 
effected by tuutations with small than by those with large 
effects* 

Secondly, both Fisher (1932) and Haldane (193 za) have shown 
the enormous supcriority» in the light of existing knowledge, of 
selecdon to other suggested agencies of evoludonary change^ 
such as true onliogcncsis (Chap. 9. p. 509)** Even if genes were 
to mutate repeatedly in the same directionj this could have no 
evolutionary effect unless they had no mflucnoc on viability and 
general fitness* A reducrion of onc-tenth of oue per cent in 
viability would result in adverse sdeccion which would override 
mutation at the highest rate ever yet observed in nature- Suni- 
larly^ if a mutadon caused an increase of viabihty of only 
per cent or over* its spread would of necessity be mainly due to 
favourable selecdon- The same argument applies to the slow 
accumuLadon of lamaniian effects postulated by some believers 
in the inheritance of acquired characters- if this h so extremely 
slow as to escape detccdon in die course of an experiment covering 
a few gencradous* as they often sssertp it would be overridden 
by sclecdon^prrssure whenever any but the most trifling differ¬ 
ences in viabiUry existed (pp. 457 

Thirdly, variability varies inversely with selection-pressure 
(pp, 324 stq.)- The butterfly provides a stnking 

example. This possesses sc^'erai polymorphic female forms. Most 
of these arc mimede and highly invariable, except when, for 
spedai enviroiimcntal reasons, they are able to live outside iheir 

* Haldmc top. di., I>. 14a) qualifici tlm view by jwimiiig out t^c the path* 
opal [Q xhaivc guidartcc att limited by die luiure of varwMii. Thu rcanetivc 
or subakdiary ortbogennij wc dull diaeda later (p= 


124 


EVOLUTI€>n: the modei^n synthesis 


models' range. The rare form however^ is non^miinctk, 

and highly variable (Ford, 1936). 

In che fold we arc discussing, of the relations bemcen genetics 
and evolution^ perhaps the most important singte concept of 
recent years is that of the adjustment of mutadons through 
changes in the gcne-complcx. Before this had been developed 
by R, A. Fisher and his followers* notably E. B. Ford, die efiixt 
of a mutarion w as assumed to be constant, A gjvcn mutadon, we 
may say, made an ofler to the gempUsm of the spedes, whkh 
had to be accepted or declined as it stood^ And the data on 
laboratory mutants at die dmc indicated that the great majority 
would have to be declined. 

To-day we are able to look at the matter in a wholly diforent 
way. To continue our metaphor, the ofor made by a mutadon 
to the species is not necessarily a final offer. It may be merely a 
preliminary proposal, subject to negodadon. Biologically, this 
negodadon is effected in the first instance by rccombinadon and 
secondarily by mutadon in the residual gcnc-compkx. It can 
lead to a marked alteradon in the effects of the mntadon, which 
may make the proposal aca:ptable to the organism. 

Ten years ago evoludonary change, on the neo-mendcUan 
vieWi depended on the co-operadon of two processes only—the 
presenudon of ready-made building-blocks by mutadon, and the 
udli^adon of certain of them under the inffuenoe of sclecdorL 
To-day we have been brought to realise that a third process 
is at work—change, primarily recombinadonal, in the residual 
variability of the gene-complex; and this can shape the building- 
blocks so as to enable them to fit in better with their neighboms 
and with the general plan of the building, 

Tlitis evoludonary change, in so far as Darwinian, is not due 
simply to the co-operadon of mutadon and selecdon- a thirds 
intermediate agency is invcjlvcd in die shape of the residual 
variability of the species* Adjustment intervenes between 
presentadon and acceptance* 
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I* THE FACTOMS OF ETOLUTION 

A ducunivc ttcatment of mucation, as adopted in the previous 
chapter, has at the present dnre a certain historical justification. 
Darwin s theory of the mechanism of evolution cxtrenrely 
abstract and gcncfaliaed. Next to nothing was known m Darwin's 
time of rhp nature of variations or of the mode of their inhcnt- 
ance, let alone of their difietcnccs ut various groups of orgaiusnu. 
The idea of selection remained equally gpnetahzcd. Darwin 
admitted but two types of selertion, natural and sexual. We 
realize that there ate many kinds of selection, often antagonistic 
in their eficcts, and not all operative in the same way on all 
organisms. 

finally, Darwin had litde inkling, apart from his rclcrcncc to 
the greater variability of abundant species, of the evolutionary 
effects of differences in the nature of the evolving groups. We 
now know, however, that not only these, but also dificren«s in 
environmental conditions, may be of the greatest importance. 

The biggest blank on the cvoludonary map, however, con¬ 
cerned variation and its inheritance. The theory of mutation on 
a mendelian basis is the first adequate attempt to fill the gap. k 
has met with great resistance, and has itself develop almost 
out of recognition during its rapid growth from its wgummgs 
oidy a few decades ago. There is thus every reason in tlw present 
state of biology to devote a chapter to mutation treated broadly 
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as embodying I>arwiri^s shadowy **^hetitablc variariom” and as 
ctprcscntuig the raw material of evolodon in a gcncralizied way^ 

It b probable, however, that writers of books cm evebrion 
ten or twenty years hence will adopt a different method. They 
will begin by describing the nature of the physical basis of inherit¬ 
ance, its modes of change by mutation of various Linds and at 
various speeds. its remarkable general iinifonmity in all cellular 
organisms, and its important vaiiadons in detail. They will then 
point out how the nature of this mechanism governs or limits 
the evolutionary process, and how its variarions affect the mode 
of evolution of their possessors* It is mipossible for higher 
animals, whether arthropod or vertebrate, to evolve in the same 
way as do higher plants, owing to differences in their chromo¬ 
somal machinery: non<eUuUr and non-sextial organisms such 
as bacteria have their own evolutionary rules.* 

It is not only the cytological mechanism of heredity^ however, 
which infiucnccs mode of evolution: to use Darlington's useful 
phrase, there is involved the whole genetk: sysEem, meaning by 
this not only the chromosomal machinery^ but the type of 
reproduction. Parthenogenesis, hcrmaphroditi5m> self- or cross- 
fertilizarion, in- and oiit-brccduig—^all introduce their own 
modifications. 

Recognition of this fact broadens out iuto recognition that 
mode of life in general has its influeriJOC on evolutionary differ¬ 
entiation. A wide-ranging type will develop a different genetic 
structure (here we borrow a phrase from Tttnofieff-Ressovsky, 
i<j4o) from one with limited powers of dispcml^ Thus wc need 
an index of genetic mobility, or of its inverse function, isolatiom 
The spread of genes will be different in linear populations, as in 
those inhabiting rivers or shore-lines w^here range is essentially 
utudinicnsional, from what it is in the usual twCH-dimensional 
species (Scwall Wright, 1940, p. 172); it will be different, as 
&waU Wright {1931, 1932) has also showm, in small and in large 
populations. 

Comped rioii by males for mates or for territory will have 

* Tb«c lopici ire diKUURl ai roigtb m recem Wlu, such ai Darling- 

tfm's Tkf if Clatitk (1939}^ 
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cvoltition^y results^ sonic of ttciii rather iihcxj^ectcd (see R, A- 
Fbherp l9^oa, Ch^p. 6; Husky, 1938**)^ so will competiuon 
between poUen-^ubes in the higher pkntSp or that between bttcr- 
mates in higher animals (sec Haldane, 1932^)- so will the mtensity 
of general competition, whether exercised through predators or 
rivals or dirough the inorganic cnviromiient (see pp* 3^4^^. 4^}- 

Nor will general orgsmization and mode of development be 
without its evolutionary consetjncnccs. The itieristcmatic growth 
of flowering plants permits a fuller cvolnriomiry utilizadon of 
many types of mutation than is possible to higher animals. In 
animals, allometric growth has cvoIutiDnary consequences winch 
in their turn nii;tst be diBerendy adjusted according to whether 
general growth is limited or unlimited (Huxley, I93^’ Gold¬ 
schmidt, 1940; de Beer, 194041). The simple tact that tnost g)enes 
must act by affecting the rate of developmcntaJ processes is 
reflected in the evolution of vestigial organs, in recapitulation, 
in neoteny (sec Chap. 9, § 6; and de Beer, i94ofc). 

The nature of an organism thus influences die mode of its 
evolution. Tliis applies at every leveL Within the individual, the 
microscopic machinery of genes and chromosonicSp the mode 
of cellular aggregation and tissue-growth*, at the individual level, 
the type of reproduction, the w^ay of life, the level of behaviour, 
the method of development; beyond the individual^ the size and 
structure of the group of which the individual b a unit, and its 
relations with other groups—all these, and many facts besides, 
liavc their evotudonary effects* 

Evolutionary consequences of this sort were often so obvious 
that Aicy forced themselves upon the attention of the earliest 
workers in the field. Darwin fiSyi), for instance, was fully alive 
to many of the evolurionary inipUcadons of ilLftcrcnces in sexual 
relations in higher animals, and had noted die greater variability 
of large species (reference in E^her and Ford, 19^8). In the 
present century, more explicit attention has been given to 
particular aspects of the question. To take but a few examples, 
Muller early (1925) pointed out the restriction on polyploidy 
in animals due to their sex-deiermining meclmiistn. Wright 
(refcrcrices in Wrigbe, 1940) ^ deckled mathematical 
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analysis of the evolutionary consequences of diflfcrcnccs In 
populadoii^se^ Haldane (^952^) discussed ihe dif&rent selective 
dfccts of different modb of reproduction, such m the develop¬ 
ment of a neuter caste in social hymenoptcra or of polytoey in 
mammals ^ Huxley (1932) pointed out sonic cvolntjonary conse* 
qucnccs of differential growth. 

However, there has been hardly any attempt to survey the 
problem as a whole. Darlington^s of GewfliV Systems 

(3939) is a notable essay in this direction^ though limited to chro¬ 
mosome and reproductive mediaimms (sec also Darlington, 
1940); and Goldschmidt'^s Aiaterhl Bosis of Et^lation attempts the 
same for modes of development. A small but incteMing nimibcr 
of writers realize that such a general approach is not only possible 
but necessary'. Comparative Evolurion is desdned to become as 
importanc a branch of biology as Comparadvc Ajiaiomy. 

In any such general survey, other aspects of evoludon would 
demand the same compaiadve treatment as that accorded to 
giencdc systems and other peculiarities of the evolving organism. 
The generalized treatment of selection, as originally developed 
by Darwin and rcdrafird on a mcndclian basis by R. A. Fisher 
^I9]0ii)f must be pardculgrized. Darwin (1871) made a signiheant 
icgtnnmg in his separadon of sexual and natural selection, and 
^jaldane (1932a] has earned the process a stage furdrer by dis- 
dnguishing various forms of intraspecific from interspecific 
selection. The analysis couli however, be extended on a fully 
compafadvc basis, with every effort to introduce quanticadve 
treatment at the same dme* Selection will act differently in auto^ 
polyploids because of the reduced availability of recessive niuta- 
tions (p. 143), The balance between selection, mutation, and 
chance reconsbinadon will be quite different in large and in small 
interbreeding groups, the difference in some eases being so great 
that mutation may exert a direebve effect (Wnght, 1940a. 
his p. 173). Certain t)pes of reprtsdiicdve mechanism or popiila- 
rioii structure may lead to an ioiinediatc rapid differenriatiou and 
evolutionary success, to be paid for later by loss of plasticity and 
widespread extermination of types, as in Crepi* (p. 376), others 
to accidental non-adaptivc change or to extinction, os in sniaK 
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isolated groups (p. 58); male liaplcitiy will purge the gcrn>- 
plasm of many roccssivcs; the dcvelopmcur of a reproductive 
c::asic will permit sctectioii for alnruistic qualities; bmiJial selection 
will promote rapid growth and large size (for both points see 
Haldane, t9}2b); intcr-mde couipccitioii wlien success may 
mean more than one mating will produce male characters ol 
display or con^hat which may he dctctcrinus in the individual 
sfniggle for life {p. 4 z6\ Huxley, 1938/1). The development of 
social life, with consequent inter-group struggle within die 
species, may produce the most peculiar selective results, as is 
especially to he seen in our own species (sec R. A. Fidier, \9%oa, 
ChapSp TO to 12), bobdon from potential enemies or rivals may 
permit unusual specialization, as in flightless island birds» or 
encourage variability and degree of adaptive radiation, as in the 
fish of certain African lakes or the marsupials of AtistraUa 
(p. 324), According to cnvironnicntal condidons and to the 
genetic structure of the gruup, selection may act either os a 
stabilizing force or as an agmt of change, and may decrease or 
increase internal variability. We need a comparative study of 
selection as well as of generic systems- 
Our last examples remind us that the cnvifoniucnt, too, has 
its evolutionary effects. Ecology has listed and analysed the chief 
types of cuviroiuncntST major and minor habitats, and ecological 
niclics. It has also pointed out one evolutionary result of environ- 
ifienul diffL-rence. in the adaptive correlation between organisms 
and the eivviromneuts they iiiliabn (p. 430; Hc^iise, Alice* and 
Schmidt, 1937). But it lias not uiidercakeii detailecl analysis of ilir 
ertects of environmental difference on evolution. Here and there a 
beginning has been made. The study of the results of the glacial 
period—the extinction of some species, the disjunction of othe rs^ 
the subsequent divergence of their separated portions., and their 
behaviour on re-meeting—has already thrown a flood of bght 
on tlic evolutionary results of violent climatic changes, and 
revealed to us tbai we live in a time when cvotinion operating 
at exception3I speed (p. 243). The study of the marginal zones 
of species is showing diat they are often chara^crized by a 
peculiar genetic structure of the population (Vavilov, 1927) or 
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by spcdJ adaptarions (RLUiig. i9J7)t :Hid is also throwing light on 
the cvolutionarj' Aiticrioiis of the harmoniously $tsbilm:d gctic- 
complcx (Huxley, 1938 ^- 1939 ^ ^)- The so-caUed geographical 

rules, when analysed in detail reveal tliaj die sharp discontinuities 
of species and subspecies arc often superposed upon continuous 
gradients of change (clines, p* 206), delicately adjusted to tlte 
extertial gradients of the inorganic cnvironnicut (p. 208). Differ¬ 
ences in ecological preference may isolace groups as effectively as 
geographical barriers or mete spatial distance* often with the 
production of cryptic species fp. 299). Perhaps most important 
of all, we arc beginning to realise that the effective environmetit 
of an organism may be and usually is altered by genetic change: 
as Darlington (1919) pidiily puts it, * a dwarf bean does not 
ttieet the same cnvironojcnt as a scarlet runner,^ ^ 

Pre-mendehan evolutionary theory arranged its facts and ideas 
under three main heads: variation^ heredity and selection. This 
Tvas necessary to clarify the generalized theorems of evolution 
-^latural selection and consequent adaptation; it is sdll necessary 
to-day. But to-day we can go further. Evolution can no longer 
be a matter of generalized theorems only: it is itself a major field 
for comparative study. The comparative study of the reagent— 
the varying, evolving organisms: the comparative study of the 
medium—the graded, fluctuating environment: and the com¬ 
parative study of their interaction—the processes of selection and 
clieir consequences: it is along some such lines as these tliat the 
evolutionary text-book of the future mist be written. 

The rime is not yet ripe, however, for such a treatment of the 
subject. In this volume^ all that can be attempted with regard to 
selection and environment will be some inddeutal comparative 
discussion in later chapters. With regard to the nature of the 
reagent, however^ the situation is rather different. The spcc^cubr 
advances of cytology in the last two decades now permit the use 
of deductive n^thoi on a large scale. Our knowledge of chromo¬ 
somal machinery and of mode of reproduction allows tn to make 
propbedcs conceitung generic detail which may take years to 
verify empirically, and to draw accurate condusious as to the 
type of selccrion which will operate. Thus it seems worth while 
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to give a brief siimmary (largely based on Darliiigtrm*^s book 
(1939) and the relevant chapters in those of Dobdiansiy, i937^ 
and WaddingtoUi 1939) of the evolutionary effects of differences 
in genetic-reproductive systems^ In a later chapter other effects 
of the nature and mode of dcvcloptnetit of the reacting organism 
will be given (p. 525), though a full treatment of this type of 
consequential evolution is not yet possible. 

2. THE EARLY EVOLUTIOM OF GENinC SYSTEMS 

There is an astonishing similarity in the genetic systems of the 
great majority of organisms. Their hereditary machinery is 
organized into discrete chromosomes of definite size, shape and 
genic make-up. The chromcaomes divide normally by mitosis, 
and at one pouit in the life-cycle undergo mciosis which is 
accompanied by crossing-over. This applies to all higher plants 
and all higher animals and to many quite lowly forms as welL 

The generic system must have had a long evolution bebmd it 
before it reached what we may call the meiotic stagc^ with its 
elaborate mechanism. Two prior main stages may be disrin- 
guisbedf the prc-mitotic and the mitotic* and organisms still 
survive which arc equipped with genetic systems of these earlier 
patterns. 

Bacteria (and a fortiori viruses if they can he considered to be 
true organisms), in spite of occasional reports of a sexual cycle, 
appear to be not only wholly asexual but pro-mitotic- Their 
hereditary tonsdturion is not diflerendated into spcciaii^d parts 
with different functions. They have no g?mes in the sense of 
acciirattly quantized portions of heredicary substance ^ and 
therefore they have no need for die accurate division of the 
generic system which is accomplished by mitosis. TTie entire 
organism appears to function both as soma and germpla$m, and 
evolution must be a matter of alteration in the reaction-system 
as a whole. That occasional '•muucions” occur we know, but 
there is no ground for supposing that they are similar in nature 
to those of higher organisms, nor, since they are usually reversibk 
accordiug to conditions, that they play the same part in evolu- 
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rion. Wc most, in fact, expect that the processes of variation, 
heredity, and evolution in bacteria are quite dUTcrent from the 
corresponding processes in mdticefluUr organisms. But their 
secret has not yet been unravelled {p. 302). 

One guess may be hazarded: that the specificity of their 
constitution is maintained by a purely dwmical equilibrium, 
without any of the mechanical control superposed by the mitotic 
(and mcioric) arrafigcinents of higher forms, Wc may also guess^ 
with Darling;toQ [1919^ p. i2t), that the so^Ued “piasruagencs^' 
which have been detected in a few higher plants, and which also 
seem to be controlled in their reproduction only by a chemical 
equilibrium^ are survivals, though possibly specialized in their 
own way, from the pne-mitodc level of evolurioiL 

The mitotic but pre-meiotic stagp is represented tonJay by a 
few' Algae and Protozoa* These may be degenerate in having 
abandoned sex and meiosb, or they may never have acquired 
them. In any caiie, the rarity of such eases implies ihac this stage 
have been somewhat transitDry. Apparently once the 
detailed differentiarion of die germ-plasm into accurately- 
divisible chromosomes bad been accomplished^ it was com para- 
rivcly simple to alter the timing of the various processes involved 
in one cell-divisioiit so as to produce meiosis; and this was fraught 
with such advantages that it was ail but universally adopted. 

It is in any case interesting to reficct on certain pcculianties of 
this stage, which must indubitably once have been passed through. 
The existence of mitosisii of however simple a nature, presupposes 
the need for accurate mechanical division of the hereditary 
substance; and this in its turn would not be necessary unless the 
hereditary substance were difieiendated into speciaUzed parts 
each with their appropriate functions* Thus the mitotic organism 
has reached a stage of pardculaa^ inheritance, haHrd on spadat 
difFcrendadon of the germplasm. Yet it would be improper to 
speak of the organUtn possessing genes, in the sense of definitely 
quantized units. Such units may have cxistedL in the sense that 
there was a teal division between two adjacent regions of a 
chromosome performing different funedons. But no method 
which wc can yet envisage w'ould be able to detect this. Genes as 
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wc know chrm axe mcchatticaliy delimited by the lines of poten^^ 
rid crossingHDver (p. 49). so that tbe attainment of meiosis is a 
prercijuisite for their detection. It tmy be that anothcc type of 
subdivision existed in the^ chromosomes of pre-meiotic ofganisms- 
If so, we can only say that it is likely to have been profoundly 
modified by the superposition of a nic ch a mcal joinring^ for w^c 
Can safely deduce chat selecdon would tend to adjust the two 
functions, and convert the mcchaiiically-dctcrmincd genes into 
physiological units as welL 

Purely mitotic organisms may have enjoyed a more elaborate 
generic consriturion, wth its parts more accurately adjm^ than 
prc-mitoric ones. But from the evobrionary standpoint thek 
behaviour will be similar* They are compelled to forgo most of 
the advantages of their genetic complexity fot lack of the sexual* 
mcioric process which permits the etcombinariou of the genetic 
units. 

The attaimnent of the mcioric stagp thus the most impor¬ 
tant single seep in the evolution of generic systems, comparable 
in its cvolurionary effects to that due to the attainment of a 
cumulative tradirion^ and thus of a new form of heredity, in our 
own species. 

J^crc numerical reduction of the chromosomes to prcvctit 
doubling of tkrtr number in each sexual cycle could perfectly 
well have been secured simply by a failure of chromosomes to 
divide at the first mcioric division. This may have been the first 
step towards erne niciosis, and something of the sort occurs 
(though doubtless secondarily) in the mclosis of the Jietcrogamcric 
sex of some organknis, such as DrasopkH^* 

Such a process would also secure xecombmarion, hut a recoin- 
bmation of whole chromosomes only^—in other words a rccoin- 
binadoti of perhaps a few tens of units instead of one of hundreds 
or even of thousands. The evolutionary advantages of a greater 
degree of recojtibinatloii arc so great that this condition, if it 
existed, has been entirely supplanted by true mciosis, which 
implies crossing-over as weU ^ numerical reduction. It is the 
merit of Darlington (see Darlington, 1937) to have showm that 
crossing-over b not merely the occasional accompanknent oi 
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mdosis, but its invariable and necessary condidoa. It ii througb 
crossing’-over chat chc bivaknts are held together after each 
member of a pair has divided into two chrornadds: if it were 
not for the mechanical union thus provided, they could drift 
apart, since atEracnon only operates between pairs of boniologucs, 
and could not hold four together. Chiamiau thus have both a 
mechanical and a gcnedc fimcdon: they provide at one and the 
same time die cross-jmuctiojis needed for the cytological process 
of nidosisp and the sectional separations which give rise to 
mcndelian recombination of genes. 

Mciotis at its first origin was without doubt a process inserted 
into the iifocyde immediately aficr fertilizarioiL Noe only are 
various primitive organisms haploid throughout their existence 
except for the brief moment after sytigamy, but it can be deduced 
on general grounds that any mechanism for reducing the diploid 
number of chromosomes would in the first instance be likely to 
come into action as soon as and whenever that diploid number 
was reached (Darlington^ i9J9). Its delayed onset in all higher 
organisms must have been secondarily cvolvei 

Thus diploidy, far from being the normal inevitable condition 
we are apt to imagine, was originally on embarrassment to be 
got rid of as soon as possible. Measures bad to be taken to prevent 
the doubling of chromostme-number at each fcrtilkation, and 
the simplest way was to reduce it again as soon as possibk. 

But this apparently commendable proniptneK had its draw¬ 
backs. For diploidy has a manifest advantage over the haploid 
stare. It endows the stock with a much higher degree of plasticity 
by permitting it to carry a store of cecessives in its germplasm^ 
In a haploid, th™ would be exposed to the full rigours of selection 
in each generation, ind the majority of them would be weeded 
out. In a diploid, thanks to the full evolution of dominance which 
diploidy must automatically have brought about (pp. 75 seq,), they 
can be carried m evolutionary reserve in reasonable quantity 
witlrout being phcnotypicoily expressed, and so exposed to 
selection, except in a trifiing number of individuals. If conditions 
change^ some of them may be employed, either unaltered in ex¬ 
pression, or “improved"* by combination with other reserve genes. 
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So it came about that putt haploidy is now confined to certain 
Protozoa and simple Algae, and diploidy has been prolonged 
ebcwherc for a number of ccll-gcnerarioiis—about lo in rotifers, 
about 50 in our own spedes, Diploidy has arisen in two ways. 
In the Basidiomyoctc fungi, the two gametic nudei do not 
fuse, but persist side by side: as Darlington (151 j 9 > p- d) puts 
it, the orgattistn is diploid although all Its nudei arc haploid. In 
all otlicr forms, the haploid gametic nuclei fuse to form diploid 
zygotic nudei, which persist dtrongh die rest of the diploid phase. 

The haploid phase is reduced in aU Metazoa to the rcsting-scage 
of a single ceU'^^enetadon . In plants, this cxtreinc is never reached, 
In Bryophyta the haploid stage is the main pliasc of the life- 
history, both in size and duration. In the Picridophyta it is still 
independent, but it is now both smaller and briefer than the 
diploid. In seed-plants it has become much reduced and confined 
to one or two ccU-giencTations, But even here a fundamental 
distinction &om the metazoan condition rentains, notably on the 
male side. While the nuclei of speematozoa appear, to be quite 
inactive genetically, so that they mcccly ttanspoitt their freight of 
genes without being affixted by its pcculianties, this is not true 
for policn-giains, in which particular genes may cause marked 
difiereiices in capacity for germination, rate of growth of pollen- 
tubes, etc, Doubtless the great majority of gimcs in higher plants 
have no or neghgibk effects upon the haploid phase, since most 
of them will have been primarily selected for their effects on the 
much more elaborate diploid phase: none the less, haploid 
selection will definitely curtail total plasticity. 

It appeals that kthals may act during animal mciosis and the 
early part of the transformation of the reduced ceils into sperma¬ 
tozoa; but once formed the sperms are not aficcted in their 
function by particular gpnes. In this respect the genetic systems 
of animals are more advanced than those of plants, since the 
reserve of iccessivcs which they arc able to cany must be some¬ 
what larger. By similar reasoning we may deduce tliat in regard 
to evolutionary plasticity seed-plants must be somewliat superior 
to fems and horsetails, and these in turn to mosses and liverworts 
'—a conclusion which seems home out by the facts. 
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3 . THE MElOnC SYSTEM AND ITS ADJUSTMENT 

In general, howevetp the diploid mciotic system is cemark^bly 
uniform throughout its very wide range of occiimrncc. Once 
estabMic<L various intcmal adjustments arc effected between die 
parts of the system. In the first place, two cojiflicting advantages 
must be baLmecd. It is in generaJ an advantage to an organism to 
have its noroiai consritudoD as hamionious as possible, with its 
main genes bullcred by modifiers to a maximum efticicfucy and 
viability (p, 67) and mutually adjusted to each others acrivityp 
and neighbouring genes harmooiaied through mi optimum 
posicion-cffca (p- S5). £vcn with otg:anjsms that sliow poly¬ 
morphism or excessive variability, it will be an advantage for the 
central core of the con^tudon to be buffered and adjusted in 
this way. But it is also in general an advantage to an orgamsm 
to possess a considerable amount of evolutionary plasricity. The 
former is a short-temi advantage p giving the closest possible 
adaptation to existing coudidons, the bttcr a long- 4 erm advan¬ 
tage, coming into pby if condidoiis change or even enahling 
the stock to extend the range of conditions in wliich it can ilirivc, 
StahiUzadon of internal adjustment can be achieved by decreas¬ 
ing recombination, plasticity by increasing it. Low lecombina- 
lion is best effected by keeping a large number of genes (here 
regarded as mutational units) together in mechanical union 
“in other words by a reduction in the number of chromo¬ 
somes and a low cbiasma-frequcncy. High recombinatian implies 
the reverse—an mcrcasc in chromosomc-ruimbec and in crossing- 
over. Extreme reduction of chromosomc-nunibcr is difiicult 
owing to the mechanics of nieic^is and mitosis—a single centro¬ 
mere cannot effickutly cope with more than a txrtain length of 
chromosome (Darlingtonp 1939, p, 77), and in point of faa wo 
find a ncgligibk fraction of spcdcs with a haploid aumber below 
4. Similarly, chiasmata normally have an essential fiinjction in 
keeping bivalents together m the bter stages of mciosis, so that 
there will be a minimum CTossovcMccombimdoix due to this 
mechanical cause. There is also a mechanical upper limit set to 
the number of ckiasniata within a single chromosome, which 
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is revealed gcnccicaUy by tbc phenomenon of ifiterfcnencc. 

For this and odier reasons we shall not expect t)\c adjustniLTit 
of what Darlington p. 77) calls the recombination-index 

to the conflicting evolutionary rieeds of the organism to be at all 
dose. That it is not so is shown by the variations in mode of life 
shown by organisms with, similar rccombmation-mdiceSfc and 
conversely by the vaiiadoiis in recombinadoti-indcx shown by 
closely-cclatcd organisms widi similar mode of life. 

None the less, some adjostment undoubtedly exists. Chksma^ 
frequency in general tends to lie below its mcchanicil upper 
limit, thus reducing possible recombination. On tlic other handt 
those forms in wHidi rccombinarion is markedly reduced or 
absent (c.g, trandexation-hybrids such as Ofiwdicm; high auto- 
polyploids such as Hwwnx Upaihifolinm] aponiicts, hybrid or 
otherwise, as in Taraxacum and Crepts) arc for the most part 
doomed to eventual cxtincdoji as conditions change and they 
sixSet b compeddon with more pksdc rivals. Thus in die evolu¬ 
tionary long nm the fonns with reasonable iccombination will 
survive to constitute a majority, and at any given time those with 
recombination markedly reduced or absent will be new and 
relatively short-lived types* and will be in the minoricy. 

Adjustment of die two conflicting needs thus tends to be 
effected in two rather different wap. The need for stablbty wiQ 
be met by keeping chroiuosome-numbcr and chiasma-frcquciicy 
below the majdnium possible; the need for plasticity by the 
differential extinction of the less plastic types. 

Plasticity will obviously be affected by mutatiorv-ratc as well 
as by recombination^iukx. We know tliat genes exist which 
affect the niutation-ratc of other genes (see Sruftevant, I 9 l 7 w for 
summary), even though the number yet described is very small. 
Though detailed mathematical analysis is desirable, it is clear in 
principle that in a slow-growing organism like an ckiphaiic or a 
trecp mutation and recombination will give a much lower pro¬ 
duction of novelty and plasticity than in an insect like Drasaphila 
with a do^n or more generations annually, 

^Vc niay thus expect with reasonable assurance that tnutation- 
ratc also will be in some degree adjusted to evolutionary nettb, 

E* 
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On tlic other hand, here too there is bound to be a great deal of 
lag, and much of the adjustment will concern life as a whole, 
operating by the eventual estdnetion of the mhcrcntly less plastics 
instead of concerning the separate species and operating by 
changing their separate mutation-rates. Comparative studies in 
this field will be of the greatest interest. Meanwhile, we can 
point to the imtdi greater observed divtrsificatioii of herbs than 
of trees, of insects than of fish or manimalsp as a probable evolu¬ 
tionary consequence of high plasticity due to more rapid succession 
of gene radons. If the slower-breeding fortm have attempted to 
compensate for their disadvantage by increased mutation-rate 
(see p. 54), the compensation lias been a ver^' imperfect one. 

Intercscing results arc observed when single chromosomes or 
chromosoiiial regions arc debarred from rceombination with 
their homologucs. Tlic most obvious ease is dial of the difiercntial 
segment of tlK Y-chromosomes in organisms with a specialistd 
chromosomal sex-detcrmuiing nieclxanism. Here, the homologuc 
(X) behaves as a nornial chroinosome, since it can cross-over in 
the honioganicdc scx. Thus not only do Y-chrcmiosomcs suffer 
a loss of plastidty, but dcg^ti^rativc mucations^ if recessive* can 
accumulate in them, shielded from selection by their dominant 
alleles in the partner chromosome or region. This process has 
much more interise effects dian mere loss of evolurionary plasticity 
and leads rapidly to the region becoming converted into genetic^ 
ally ''inert" imtcrid (thoi^ it may retain important metabolic 
functii>ns: Schultz, Caspersson and AquiloniuSi 1940), As Muller 
pointed out in 1918, the fact ttiat (part or all of) the Y h debarred 
from iccombinaEion by absence of crossing-over has allowed 
"loss” muEadons to accumulate in it until it has become genctreaHy 
vestigial. In man and Z>fOJ^l■pfcI^^^ it still contaiiis a few active 
genes ■ in Dr^tsophiJa XO males arc sterile (abnoimal vas deferens); 
"bobbed"" and ever-sporting eyo-colour (Gowen and Gay, 1933) 
are also Y-bume. 

As w'ith somatic vestigial organs, the Y<hroniosomc is very 
variable m size in closely related species and even w'ithin the same 
species. FunhtTr once it ceases to contain effective genes, a 
mechanical accident at niitosb or mciosb may cause its loss 
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without this bringing any untowaid consequences in its train. 
Tbus die XO condition lias frequendy evolved from the XY. 

Somewhat different conditions are provided when recom¬ 
bination is equally reduced in all representatives of a ebromo- 
soma] region. This occurs gcnciuUy, and perhaps universally, in 
the portion of the chromosome immediately adjacent to the 
centromete. For simple mechanical reasons, breakage and inter¬ 
change is unlikely or impossible within a certain distance from 
the centromere. It is interesdng to find that here, too. complete 
or considerable inertnes has ^en a frequent lesulr. Evidently, 
the shielding of recessives from selection, while it is bound to 
accelerate the tendency to inertness, is not the only condition for 
it to occur; the complete or almost complete debamng of a 
region from recombination may be sufficient condition for it to 
become inert. 

On the other hand, in other drcumstanccs. it may not This 
is clearly so whenever structural hybridityp whether dependent 
on inversion or translocatioii, has become a characteristic feature 
of a species. In the regions adjacent to the oentromcrc^ thctc is 
always a reduction in croHuig-over. But with sectional rearrange¬ 
ments, only the hctcrozygote is affected: crossmg-over continues 
undiininish(:d in bodi homozygote types. The heterozygous 
combination will thcicfore not become the sole or the dominant 
type unless it is endowed with some countervailing advantage. 
Such an advantage may very well accrue from heterosis. smcCj 
granted that an inversion or translocation persists at aM, ks ^mctic 
isolation from its homologous region will force it to diverge 
and allow selection to differentiate it futtlier as a regional stabilized 
system fp. 36a). Once heterosr>'gpsiry is endowed with sciective 
advantage, it will become the dominant or sole phase; and further, 
inertness will no longer be encouraged in one or both of the 
partner regions, since the selective value of the condition depends 
on the activity of both regions in combination. 

In such cascs^ the loss of plasticity due to lack of recombination 
will be adjusted, if at all, by the extinction of the type. The great 
variability in the degree of interchange hybridity in Ocfwr/jfrtf 
seems to be evidence of die recent development of the condition 
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in this genus; while the state of affairs in Rhoeo, where all the 
chrotnosomes form a ring, and only a single species temainSr 
“restricted in distribution and almost invariable in form” (Dar¬ 
lington, 1939^, p, 9a), indicates that this genus has been paying 
the penalty for its loss of pkmdty. 

Mather (1940) has recently discussed the evolutionary impK- 
cations of monoedsm and dioecism. Complete separation of the 
sexes promotes outbreeding, but leads to wastage of gametes 
except where, as in higher animals, discriminatory madng occurs, 
in higher plants niinimum wastage is best secured by monoedsm 
combined with devices to prevent self-fertilizaiion. Such sub¬ 
sidiary devices are more readily changed if increased inbreeding 
is required (cf. Lewis, 1941, on the flexibiJity of cytoplasmic as 
against geqic control of male-stcrility). 

In gynodioecism, purely female individuals occur as well as 
monoecious ones. As in orher cases of dimorphism (p. 97), this 
rests Oil a flexible selecdvr balance, determining the proportion of 
female plants (p. 107), The advantage of outbred offspring is set oif 
agairvst the disadvantage of produdng only one kind of gamete, 
Inversions and translocations can be considered ftom another 
angle—as one of the aberrations to which the diploid meiotic 
machinery is subject. Some of these aberrations need not be 
considered here, since, like the production of acentric or dicentric 
chromosomes, they are lethal, and so cannot play any part in 
evolution. Those which tncciest us arc the types which are 
capable of survival and therefore of being promoted from 
aberration to norm. 

The most obvious of such changes is polyploidy, and the most 
obvious fact about polyploidy is its rarity in higher animals as 
opposed to its abundance in liighcr plants. It appears probable that 
nearly half the species of dowering plants arc polyploids. 

Permanent anisopolyploidy is inevitably associated vvtth some 
form of non-sexual neproductiou, since diploids and the like 
are incapable of perpemation by sexual means. Thus, since both 
vegetative reproduction and apomuds arc very much commoner 
in plants than animals, the same is true of anisopolyploids. 

This holds also for tetraploids and other isopolyploids. It is 
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at first sight less clear why this should be so. However, there art 
several reasons. In the first pkee a sLi^le autoterraploid in^hvidual 
has much less cltuicc of establishing a tctraploid stram in aniniaJs 
owing to the rarity of self-fertilization in them; autocctraploids 
are often sterile with the corresponding diploids, and even if 
fertile, the offspring are triploid and therefore sexually sterile. In 
cross-fertilized species, vegetative reproduedon and apomixb will 
also tend in the same direction. When facnltadve, they may 
multiply die original single tetraploid many times, and so increase 
the chances of two meeting when sexual reproduction supervenes. 
This, however, will not whoDy account for the facts. Auto- 
tctraploids arc always inidaUy handicapped by reduced fertility, 
since the four houiologous chromosomes of a set by no means 
always separate in pairs at.meiosis, and when three separate from 
one, chromosomally unbalanced types result which often display 
reduced viability or fertility. Autotetraploids arc thus most 
unlikely to establish themselves except in type^ with some form 
of non-sexual reproduction—in other words^ except in plants.*' 
The rare eases found in animals arc usually pattlicnogcncdc {c.g. 
the moth Soleiwbia and the crustacean /Ifmind) ^ 

Allotetraploids arc not always restricted to forms wliich can 
carry on by mcam of non-scxual teproduedon. Thus in certain 
moth hybrids (c.g. pairing docs not occur at mciosb, 

but the chromosomes all remain as univalents which divide twice 
by mitosis, giving diploid gametes. However, thb is irteievant 
from the evolutionary potttc of view since beliaviour-batners to 
mating prevent hybridi^adou in nature. 

In various plant spedes-hybrids. too, pairing fails to occur in 
all or almost all ebromosomes at mciosis, and unreduced gametes 
thus result (though one of the two mcionc divisious is stippressed). 
This occurs, for bistancc, in the celebrated radidi-cabbagc hybrid 
Rophariobroisiai. In other cases, however, as in Ifcivcimr, 

* Tji higher pUnts there arc of cchiesc vorutiQiiJ in the degree to which 

itoii-scxiiaJ reptodurtiDn- b: aviilabk'. Thus, is EJariington pointi 
p iflij* since autotetraploids ate very unlikely to cstiblbh thcmselvw hi narun; 
ejsoept where ^ methods of fcproductiofi ai« avaibbkp * by disoovering their 
occoTTciirc among plantj^ we arc therefore indiccaly dBoovexing ibc degnM; of 
Jinportaticc of scjutiJ ferity hi the life of the specie^ 3 itutCLT to which lictJc 
aaciiEiDi!i has b«ti paid m the past." 


143 evolution; the modern synthesis 

die diploid hybrid is sterile bciausc irs chmiiiosonies show rcgiibr 
pairing* The chromosomes of the two parent specieSn jiorihutiJa 
and P, have diScnmtiated suflidcntly (largely we may 

presume^ through translocations) for ebem to be no longier 
functioiially equivalent^ so chat a liaploid set consisting of mixed 
chromosomes from the two specify will noE be viable. 

Fertility cm here only be restored by means of somatic doubling 
of chromosome-number^ resulting in a tctraploid shoot. The 
pairing attraction between chromosomes of the same species is 
greater than that heeweert those of different species^ so that 
diploid gametes each with two complete or funcdonal haploid 
sets are producedT and fertility' is restored. But the production of 
a tctraploid shoot is a rare phenomenon: in P. hwcnsh it did not 
occur until after many gcticratiotis of vegetative propagation. 
Nothing of the sort could have occurred in a higher animal. 
Finally^ there is the existence in all or almost all higher animals 
of a chromosomal mechanism of sex^determination. This> as 
Muller pointed out many years ago. will in most eases fail to 
function in a tctraploid individual, gtvk^ numerous intcisexcs 
or other sterile forms. It is true that in the white campion Afrfeju- 
drjum, which has an XY sex-dcterminii^ complex, this sdll 
functions in the tctraploid (Wamkc and Blakcslee, 1^39) ^ but 
this is due to sperial quantitative relations between the sexual 
valency of the X-chromosome and the aiitosomes, w'hicb are 
unlikely to occur generally. 

But animaJs arc not wholly debarred from enjoyit^ any of the 
bene£(s polyploidy may bring. They do so through the method 
of “repeats^ ^ or reduplications of small sections of chromosome, 
which bring about w'hat may be called a par dal polyploidy. As 
M. j. White says (1937, p. 107)^ "that part of their gene- 
complex which is tctraploid is possibly less subject to the con¬ 
servative eflect of natural selection and is consequendy m mote 
active evolution/* This was not discovtied until recently* and the 
extent to which it occurs has, up rill now, been Investigated only 
in Drosophila and other Diptcra in which the enlarged salivary 
gland chromosomes permit direct examination* However* its 
widespread existence- in diese forms, coupkd with general 
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theoretical considcrariom on sectional icarr^gcmcnts, makes it 
possible for such an authority as Muller (1940) to assert that even 
in plants k most have played a more important cvoludonary role 
than straightforward polyploidy* 

4, THE CONSEQUENCES Of POLYELOtDY 
We must now consider the evolutionary effects, immediate and 
secondary, of polyploidy (pp. 334 scq.). In amopolyploidy, an 
obvious immediate effect will be the restricted evolutionary func¬ 
tion of recessive mutations. In most cases these will not exert any 
phenotypic effect unless they arc present in all four of the homo¬ 
logous chromosomes (though eases exist where three rcccKivcs 
dominace over one dontinajit), so that the chance of a recessive 
character reappearing after a cross is reduced to that for a double 
recessive combination in diploid organisms. This effect increases 
by powers of two for successive steps in chromosome-doubling, 
so diat in high autopolyploids with i 6 n or higher number of 
chromosontes, reccssivcs virtually cease to have any effect on the 
organism, cither in regard to thdr single effect or in recombina¬ 
tion. Such forms have their stability-plasticiry' balance tilted over 
in favour of stability^ and cannot be expected to survive if 
eovironmentat conditions change to any considerable extent- 
Meanwhile, however, if repeated chromosome-doublings do 
not take place coo rapidly, and if the spedes does not rely solely 
ot mainly upon vegetative reproduedotu counteracting tendencies 
are hkely to operate which will convert the phylogenetic auto- 
polyploid into a functiona] allopolyploid, at Ae same rime 
restoring its sexual fertility (p- 335}- 
One mcAod by which this is achieved is by reducing Ae 
number of chiasmata to one per chiomosome, which auto¬ 
matically operates to prevent the formation of quadrivalcius as 
in Th/ip^i (Upcott, 1939)- if S™“ appear which 

alter the differential pairing attraction of either of Ae two 
members of any chromosome-pair of die ori^nal diploid set* 
not only will fertility be restored but some degree of genetic 
holarion will arise between Ae two chromosome-pairs of Ae 
tetraploid and will tend to be sdf-reuifordiig. Presumably this 
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dtct* if strong enough, could operate ui jViiViu, without prior 
reduction of the duasma-frequency, but cases of this are not yet 
known. In any case, once such genedc isobdon has been estab¬ 
lished, it wiU open the door to a functional diEFcrenriadon between 
the twohomologous pairs asregards their externally adaptive effects, 
Anodier method involving adjustment of the number and 
behaviour of chiasmata is found in Dahiiau in this case permitting 
multiple pairing but compelling regular segregadon (see 
Darlington, 1939, p, 39), 

In any event, sexual reproduction in an autopoSyploid implies 
natural selection for fertility^ and this automadcally tends to 
convert the species into a funcdonal allopolyploidy 
Polyploidy may be expected to increase delicacy of gcncdc 
adjustment in certain respects, by increasing the number of 
muldple factor systems. In an oaoploid, for instance, every kind 
of gene has four homologous representacives. Where all con¬ 
tribute something to a phenotypic result^ a very ffexJblc system 
is available (see Winge* 1938, on genic replicaiion in general)* 

In general, the evoWonary consequences of polyploidy may 
be roughly compared with those of metamcric segmentation in 
Amiubu- a number of homologous parts ate availabk^ between 
which functional division of labour is then possible. The fact 
that the division of kbour is genotypic uistead of phenotypic is 
irrelevant. The dnef difference is rhat in metamerism the pares 
are initbfly repeated a brge and indefinite number of times, and 
their bter divergent is aeconipulcd by a reduction and definition 
of their number* In polyploidy, on the other hand, the par^ are 
never repeaKd bdcfinitely, nor, indeed, many times over, and 
functional divergence may and does begin when they are merely 
doubled. Nevertheless, the analogy is a real one. 

In allotctraploids, some degree of functional autopolyploidy 
often remains. The reason for the fertility of a form like the 
tetraploid Priniula kcii'frhis is not ajiy inability of the homologous 
chromosomes of the two parent species to pair, for they do pair 
regularly in the diploid hybrid. It rtsidra in a ihficrenrial pairing 
affinic).' as between identical and merely homologous chromo¬ 
somes: where teuaploidy has provided two identical chronuj- 
somes of each sort, these w^iH normally begin to pair with eadi 
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Other rather than with cither of their wo homologocs from the 
other species, and the rapidity of pairing nsualiy docs not allow 
ocher Aromosomes to he drawn in to form tiiultivalent. 

Occasionally, however, some mechamcal accident permits the 
pairing of noa-'idcDticaj chromosomes or the formation of ^uadri- 
valents. In such eases, a new type of variation occurs. Segregation 
takes place between chromosome-scgnicnis of the two ancestral 
species (pp. 343, 545: Darlington, i 039 i P- i®)* Since the ancestral 
ipedes may be phylt^eneticaliy quite remote, the varbaonJ 
consequences may be unusual and considerable. Here agam, it 
is to be expected that selection will automatically step in to 
reduce the frequency of such behaviour, since the extreme 
variants are likely to be less viable than normal. Accordingly, the 
"interspecific segregation'* is more frequent in relatively recent 
alletraploids, such as TrfliflfrtJ vulgare or Nkotiaaa lahacvm. 

The mteraction of the two gene-complexes will also produce 
various new effects, somedtnes unfrvQurable, sometimes favour¬ 
able (pp. 66 , 341 scq.}. 

It rrmAins to menrion one ocbi^ selective ^justnicnt wmca 
occim in both ^uto- and allotetraploids, nmcly^ the abolishing 
of much of the physiological effect of polyploidy. Polyploids at 
their first formation appear invariably to show $oine sk^ce o 
gigandsm^ and often vary from the diploid in respect of 
general vigour* tempcraturc’^resistancc* and fiowering peri - 
These latter properties have often proved to be pre-adaj^ve, in 
rhat through them polyploids have extended cheir rmge beyon 
that of their ancestral diploids, With respect to their gigan^m* 
howeveCy the general rule has been for ibU to be redtuxd or w 0 y 
abolished in the course of cvolurioiu Even octoploid onns 
which are identical in size and appearance with dip oi 

(e.g. in Silmc ciliatai see Dariingion, I939 p p- 39 )- ^ 

only be due to adjustment through selccaoUp and is 
evidence for concluding chat the mean siae of a ^ 

an adaptive characteristic. Darlington suggests that - a ^ 
of polyploidy in certain genera (e-g* Kfies) ^ 

tailtirc of th™ secondary generic adaptations. 

The abKAir^ ot polypkiidy in Gynmwpenm and 
t^enen a sippwiidy dixr ki Ijciiig m«hatiicid|y ^ ^ 

iomcj are too large rdadvcly 10 ccU-siM J^537i P-- 4/* 
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only case m which it has reached larger scope is in our own 
species, where excessive inigradon, coupled with a breakdown of 
purely imrinedve niaring-^barricrs, has caused it to operate on a 
world-wide scale, producing a phenomenon not found elsewhere 
either in plants or auiimls^ 

We have several times found the presence of the chromosomal 
sex-determining mechanism operadng to prevent the occurrence 
in animals of this or that phenomenon found in plants* Its presence, 
however, also has certain posirive consequences* Some of these, 
like dosage-compensadon of the effects of sex-linked genes, or 
indeed the phenomenon of sex-Unkage itself, do not seem to 
have further evoludonary effects. There arc, however, other 
effects. For instance, the need for suppressing crossing-over 
between the differential segments of X and Y brought with 
it* apparently as secondary consequence* a lower cross-over value 
in all chromosomes of the hetecogamctic sex. The reduedon 
may be slight, or it may be total a$ in Drwep/ijJ'ii. Unless this is 
compensated for by an increase of crossing-over in the homo¬ 
gametic sex, the evolutionary plasddty of the species will be 
correspondingly lowered* 

The genede isolation between X and Y leads to a progressive 
increase of inertness in the Y, and often to its total disappearance. 
Especially in early stages of differendadon* an XY may switcli 
over to a WZ (female bctcrogamcty) mechanism» as is seen in 
cyprinodont fishes. Even in highly spcdalkcd forms such as 
Dre>‘pp/ii/i?, the role of sex-chromosome may be taken over by 
different parts of tlic whole chromosome-complex in different 
species of the same genus (see MuUcr, 1540; Waddu^ton, 1939)* 

In such an essentially unstable system situadotis often arise by 
which there arc mote than one pair of cither X^s or Y s produced, 
and in some cases astonishing conipUcadons such as that found in 
the fly Sdum (with its eliminadon of whole chromosomes* in 
different lines producing broods of different sexual types, etc.; 
sec c*g. Metz, 193 ®^)- Biit none of these effects is impomnt from 
die evoludonary point of view* 

There is another method of sex-determirndon. however* which 
docs have interesdng evoludonary consequences, and that is the 
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nicdKxS of male *haploidy, where the hAploid condition deter¬ 
mines nialeness, the diploid condtrion fcmalenes. This is best 
known in the Hynicnoptcra, where it is ccminly widespread and 
possibly universd, but has been indcpetldicntiy evolved in Thysan- 
optera, in two families of Hctiiiptcra, and one of Colcoptcta, in 
certain mites, and in rodfcis (tabulated in M. J. D. White, 1937). 
The origin of this mechanism is stiU obscure, though work on 
the parasitic wasp Habnbracm shows that it here operates in 
conjunction with female heterogamety and differential ferril- 
i2aiti<m. 

Its consequences, however, are obvious enough t all rcccssives 
will be subjea to much more stringent selccuon through being 
robbed of any shelter from their dominance whenever they pass 
into the male sex. We might at first sight expect tfus to result in 
the purging of virtually all reccssivcs from all the chromosomes, 
in the same way that unisexual haploidy of the sex-Hchromosome 
has led to the virtual absence of sex-linked reccssivcs in natural 
populanons of animals with an XY mechanism (p. 117); which 
in its turn would reduce the evoludonary plasddcy of the type 
to a very low level. 

This may have been the efimt in certain cases, but it is difficult 
to believe that it has occurred in the Hymenoptera, where forms 
showing this method of sex-decermination have achieved a great 
amount of adaptive radiatioii and have given rise to some of the 
highest and most sncassfiil types known among animals. We 
should hesitate to believe in the ger^ value of diploidy if it 
had been in truth almost entirely sacrificed in this group. 

Doubtless male haploidy does very speedily purge the germ- 
plasm of obviously deleterious reecssives* and tins, combined in 
social Hymenoprera with the intense mating competitiot) among 
the males, must result in a generic constitution that is extremely 
efficient for immediate purposes. Meanwhile reccssivcs can sdll 
be carried by the diploid females, which, be it remembered, 
usually enjoy an acti^ or an efiberive predominance over the 
males, cither through the existence of temporary parthenogenesis 
or through the social organkarion in social forms. We must 
accordingly presume that reccssivcs of evolutionary value arc 
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5. SFEOES-iTTOmDtZATrOK AND SEX-DETEftMINAtlON: 

CONClUSrON 

It remains to consider other modificatiOTis of the basic niriotic 
system, and their consequences. Fertile spedes-hybrids, quite 
apart from any questions of polyploidy, appear to be much 
commoner in natuie ^ong pl^ts than among animals. Tliis is 
dtic to two quite diflercnt causes. In the first place, they are much 
more readUy formed in plants, owing to thdr passive methods of 
cross-fettilkadoii by wind or insects, and to the consequent 
absence in them of reproductive barriers based on mating- 
ptefcrcnccs, which are all but tmiveisal in higher animals. 

In the second place, they are more likely to be fertile owing to 
the absence of the delicately adjusted sex-chromosome mechan¬ 
ism. In animals, the heterogamedc sex in speries-hybdds is 
often wholly or partially sterile (Haldane^s rule) owing to im¬ 
balance between the single sex-chromosome derived from one 
parent species and the autosomes derived from both.* 

Where the ranges of diverging plant specks overlap, selection 
will normally step in to erect genetic barriers between them. But 
where they have differentiated in isobtion from each other, then 
fcitility on crossing will often remain. Spcdcs-hybrids are thus 
only likely to occur on a large scale where circumstances cause 
s^ics to he brought together secondarily. The recent geological 
past Ls a period when this has been happening on a very large 
scale, owing to the high degree of range-change consequent on 
the alterations of climate since the beginning of the last glacial 
period. During the recent historical past an additional agency 
promoting species-hybridization has been at work, in tiic shape 
of human interference. This may be dictec and intentional as 
when new speder arc dchhcratcly introduced; or direct and 
unintentional, as when they are acddentally transported to new 
areas (c£ the production of ihe hybrid species iowwem/jj 

* "^is n by nq mcxiu iinn^crsal, u ij shown by tbe high fcrdliry of spcdcs- 
hybnds in, c.g., dueki aivd pheafanu, Hctt, huwevea, the Ibmution of sptdo- 
hyhridj ill oaE^rc u picvcotcd by mating buiicn. la (xhtr nicfa u fmli- 
wucf Esb (Huhln Htjbb$, 1935}. spcdo-hybiidirjdoii occm% not infre- 
ia ELityie, in apifc of mulj^c ing^ftOlry ^qd qpxt of Kx-rado. 
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owin g to the acddcntsl importatiotl oi an American spcdcs of the 
genus to Europe; p. 341); or indirect, as when spcdcs meet owing 
to dumged ecological conditiocis caused by man’s mcer&rcncc, 
Defoitstadon in Balkans, for instance, has provided oppor¬ 
tunities for many plant spcdcs to meet and hybridize {p. 258); 
the extension of ciddvation has allowed many weeds of culd» 
vadon to spread far from their origmal home. 

These two causes taken together have resulted in a degree of 
spcdcs-hybrjrhzation which must be onprccedcntcd in evolution¬ 
ary history. Confining our attention for the moment to fertile 
spccicsp-crosses, one result has been the produedon of “hybrid 
swarms”. These have been described on a large scale in the New 
Zealand flora (p, 35S; Allart, 1940), bur ir is probable that this is 
primarily doe to the aeddent of the existence of New Zealand 
botanists interested in the problem, and that equal attendou 
would reveal comparable phenomena in other parts of the world. 

Sometimes the hybrid swarm has a mean which is intermediate 
between the parents, though of course with excessive variability. 
In other rases, as with CenWMfee hybrids in Biitalil (p. 238), the 
result in some localities is the virtual disappearance of one parental 
type, save for the modification and enrichment of the other by 
a certain number of its genes. In any case, we have here another 
example of a mode ofevoluriott to all intents confined to higher 
plants. 

When species-hybridizacion is combined with polyploidy and 
aponuxis, more complex phenomena result. When hybridization 
ij joldy or mainly initial, the result is the formation of numerous 
coUecuons of apomicts each centring round a certain mean, as 
discussed for Crepis on p. 375 ; Turrill (ip 3 Sc) for Taraxa- 

oini. Where, however, some of the products ofimtial hybridization 
continue to. cross, we obtain elaborate complexes such as those 
of R»bas, etc. (p. 35i). which a number of initial forms 
ate combined in an evolutionary reticulum. Reticulate evolution 
in this form appears to exist only in plants. In animals, it occurs 
on a much more modest scale and at a lower taxonomic level, 
being usually restricted to the formation of “hybrid swarms” 
between a limited number {usually only two) subspecies. The 
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ictaiiiKl in the consatudon through.' some form of dosiige- 
compeusation analogous to that which obtains within the X- 
duomosome in forms with an XY mechanism. 

* * * * lit 

There lem^a cemin csscndally minor types of cvoludonary 
modUBcanon of the genetk One of dicni, that culnimadng 

in the prodnetion of ttuc-breediiig translocabcn hybridb^ has 
received a deal of attention owing largely to the historic 
aeddent that its cxistenec in Otnetheta led Vries to enunriatt 
his theoryi which later proved to be erroneous, of evolution by 
large mutations. We now know that this methcjd, for all the 
complications of in working and the intense interest which its 
analysis 4us provided* is both rare and of restricted evolutionary 
importance, since it condemns the types which practise it to loss 
of plasricit)^ and so to eventual extinction (p- 139; Darlington, 

1939). 

The analysis could be pushed much further. Facultative and 
obligatory apomixisp facultauve and obligatory sdf-fcitilizadon 
each impose their ow^a evolutionary consequent; so do the 
various degrees of gametic and zygotic mobility and other 
factors afTcedng the freedom of movement of genes mthin a 
population; so, as we have already pointed out, do the different 
intensides of selection to which a type is subjected. Space, how- 
ever^ will not permit us to pursue die subject. Enough has been 
said to show that each major group* and various minor groups 
within the major, will have their own peculiaiities of genetic 
system and accordingly their own characteristic modes of cvolu^ 
tion. We must not expect plants to evolve along the same lines 
as animals. Flowering plants will differ from mosses in their 
modes of speciation, trees from herbs, Hymenoptera from 
Crustacea, corals from higher vertebrates. The variety of genetic 
systems and of modes of evoluriou is as important a fact of 
biology as the variety of morphological types. 


CHAPTER 5 


THE SPECIES PROBLEM; GEOGRAPHICAL 
SPECIATION 

I. The biokigical traUty of + p-i5* 

a. The different modes of ipcdation; suctesiiamL 
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I. THE E3OT0G1CAL REALITY OF SPECIES 

Our third chapter was in the main concerned with the wisdua 
tfprrdndt of natural selection in a mendchan world. Wc must, 
however, beware of thinking that the conclusions thus arrived 
at cover the whole field of evolution. Ihcre is a danger that the 
undoubted and in some ways spectacular sutxcss of mathematical 
and deductive methods in clarifying our viaon and defining the 
course of one type of cvolurionary pro^ss may distract attention 
from others of equal or at least of major importance. 

Deduction and mathematical generalization can only achieve 
valuable results with the aid of a firm foundation of the 
history of science abounds with examples. Indeed, the history of 
this particular subject is especially instructive on the point The 
biometrical school, inspired by Gallon and earned on by Karl 
Pearson and his disciples, such as Weldon, applied mailicmadcal 
methods of extreme delicacy and uigcnuiry to the study of 
evolutionary problems. But the foundation on which they built 
was one of assumptions. When these were not simply erroneous, 
like tlic assumption of blending or of non-j'articulatc mheritanoc. 
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they were extremely incomplete or partial, like the Msmtiption 
of genetic regression, or that of the troth of Galton s so-called 
Law of Ancestral Inheritance, which have validity only as statis¬ 
tical f ormuladons and even at dlat are no more than first approxi¬ 
mations. As a result, it is not unfair to say that on die biological 
side (as opposed to the mathematical, where definite progress 
occurred) no fundamental advances were registered through the 
employment of the hiometiic treatment. This is in strong comrasc 
with the rapid and steady advances which followed on the dis¬ 
covery of the mendelian facts of segregation and rcconihination. 

The more recent f^ts ofevoludotnary maihc mattes have been 
of fin greater value, because mathematical treatment has in this 
case been applied to a firm basis of fact. This basis of fact, how¬ 
ever, has for the most part confined to the clcuicntary 
behaviour of genes—segregation and recombination; dominance 
and recesstvcDcss and their possible origins; genc-mutadon and 
its frequency', in rcladon to total numbers. 

There is no doubt that the condusious deduced from these 
data are of extreme importance; but it is equally oenain that they 
do not cover the whole field. It has been known for some time 
that genome-mutations (polyploidy) play a conndcrabic role in 
higher plants. Later lescatch has shown that aneuploidy, hybrid¬ 
ization, scgmenul interchange, and other processes aSccting the 
chromosomal mechanism of beicdity arc also of importance in 
plants, and the most recent work on Drosophila has shown that 
many of them have had their part to play in animals too. These 
points have been dealt with in the preceding chapter. 

So far, almost the only attempt to generalize these facts and 
to use them as a basis for largo-scalc deduedon is that of Darling¬ 
ton (ipjy): it seems clear, however, chat this is a necessary next 
step, fivoludonary mathematics in the pre-mcndelian era w.is 
litde more than a chimera bombinating in a biological vacuum, 
fit the transidonal period, with which the name of R. A. Fisher 
is especially associated, genes have been the grist for its miU. The 
dme is now npproaching when the chromosomal and genic 
apparatus iti its entirety, with all the pcculiariucs of its behaviour, 
can be utilized as factual l^sis. 
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Meanwhile discovery has already progressed far enough to 
show tliat these peculiarities of chromosomal behaviour arc of 
great importance in evolution. We may discover eventually that 
they have something to say in regard to long-ran^ evolutionary 
trends, to the inidadon of new' evolutionary possibilities, and other 
major processes. So far, however, their chief importance appears 
to lie in producing divcrsificadou through speocs-fbrmation, and 
it is to this process of speaes-formarion that we must now tuni- 

Darwin luniself happened to confuse the issue by railing his 
greatest book the Ongfn cj Species, though this is but one aspect 
of evolution. Evolution must be dealt with under several mthcr 
distinct heads. Of these one is the origin of spccicsr— or, if we 
prefer to beg no questions, we had better say die origin of biOH 
logically disconrinuous groups. Looked at trom a rather broader 
angle, rhk problem presents itself as the origin of minor systcmaric 
diversity, including the origin of what taxonomists call vanctiK 
and subspecies, species, genera, and perha^ families. Another is 
the origin of adaptadons, A third is extinedon. Aiid a fourth, and 
in many ways the most important, is the origin and maintenance 
of long-range evoludonary trends. 

It is, of course, true that these all overlap and interlock. A long- 
range evoludonary trend cannot take place without involvi^ the 
origin and apparendy the extinction of many species, or without 
involving the origin and improvement of many adaptations. 
Most adaptations themselves involve at least subspedfic or 
specific change, and many subspedfic and specific characters arc 
adaptive. None the less, the distinctions are real and important. 
The origin of minor systematic diversity in general seems to have 
lirdc to do with the major processes of evolutionary change; and, 
as various authors have shown (see especially Robson. 
Robson and Richards, 1936). specific and other minor s^cmadc 
characters frequently have no discernible adaptive sigriificanoc. 
Accoixlingly, I propose to deal with each of the topics in turn. 


* l *sy This ii pirdy facausc mxkh of spoctuwa » coBC«ncd wuh 

inviiiblc, phyriofogical cjutactw; partly be««ic mqwiwsb deli^tcly prcf« 
tQ (use iheii iIUmwi on DoiwKLipnvc charatten; md partly btauac 
iKMMdaptive dia^en ^ wnrlMed wiih adaptive otw. Btu even so. a lunoabct 
of noMdaptivc spedfic chatactMi wtmid van to tettuin. 
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First, then, we have the problem involved in die origin of 
species^ As a preUminaiy to that, logic demands that we should 
dehne the term. It may be that logic is wrong, and that it would 
be better to leave it undefined, accepting the fact that all biologists 
have a pragmaric idea of its meaning at the bach of their heads. 
It may even be that the word is undcfinable. However, an 
attempt ar definition will be of service in throwing light on the 
diHiculdes of the biological as well as of the logical problems 
involvcdL 

In the first place, although, as we shall see kter, the degrees of 
discontinuity represented by good species and by certain types 
of subspecies constitute favoured equibbrium-positions in the 
process of taxonomic differentiation, so that borderline eases arc 
rendered less frequent than we should otherwise expect* yet 
there cannot be any hard^d-fast dbdncuon between a species 
and a subspedfis or variety* since in many instances one arises 
gradually out of the other in the course of evolution, and it must 
often be a matter of taste and convemenoe where the line is drawn. 

Secondly, a very imponmit fact for our discussion* there are a 
number of quite different kitids of animal and plant spedes, 
differing in their mode of origin and in their Biological character¬ 
istics. The rcmaindcT of this and of the following diapccr wiU be 
mainly concerned with amplifying the evidence for this fact and 
drawing condusions from it. Here we will merely mention a few 
points. In so far as species are biological uriits, marken off" from 
related units by partial or complete discontinuities^ they may 
originate in several different ways (see e.g. Remch* 19 ^ 9 ^)* die 
most important are the geographical, the ecological and the 
genetic. With geographical differentiation, spatial separation is 
the primary factor, paving the way for biological divergence and 
sutwquent discontinuity. With ecological differentiation the 
primary factor is divcrgtiice in functional spedaliaation, which 
may lead to fill! spedation with complete biologicaJ discontinuity 
even within one and the same geographical area- And with 
gqictical differentiation^ the primary factor is some alteration in 
the genetic machinery underlying heredity, sex, and reproduction. 
This acts at once and automatically, either to prevent mter«< 
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crossing between tbe two types, or to lender them or their 
hybrid offspring putiaiUy or w*hoUy infertile. 

Each of these main typo of spedarion produces spedcs with 
somewhat different biological characteristics. Rebted gcograplucai 
spedes tend to be disdnguisbed by broad and general adaptations 
to dimate, and to lack special genetic or behaviour ntcchanisms 
evolved for the prevention of intercrossing; when geographical 
aoddents produce complete spatial discondmiicy, this will tend 
to produce a greater degree of biologkal discondnuity' than 
would otherwise have occurred. 

In addition, when isolation is relatively complete and when, in 
addition, the isolated populations are small, non-adaptivc is super¬ 
imposed. upon adaptive divergence, often to a marked degree, 
chiefly owing to what we have cafled the Sewall Wright effect, 
or drift Relied ecological species tend to be characterized by 
detailed adjustment to special habitat and mode of li&, and often 
by special adaptations to prevent intercrossing. And genetic 
species, especially those whudi ace biolo^mlly more or less com¬ 
pletely diKoncinuous from the outset will owe their success 
initially to general and intrinsic characters like vigour, not to 
gradually-evolved adaptations, whether general or sptxial; 
further, the differences in morphological, and other, ‘^cbaractcis" 
by which they are distinguished from their closest relatives wiO 
often be, relatively speaking, small (see p. 385). 

Species will also differ &om group to group and from area to 
area, both for intrindc and extrinsic reasons. The nature of the 
reproductive sexual mechanisms found in a group will have 
an influence on the nature of species that constitute it. When 
asexual reproduction exists, either exclusively or side by side 
with sexu^, certain possibilities of spccies-fonnarion arc open 
which are not avaiUble to exclusively sexual forms. Simtlarly the 
typical aninul method of scx-detcrminadon by dissimilar sex- 
chromosomes almost entirely rules out cettain metbods of 
speciation found in plants (p. 142). 

Again, sedentary and less mobile forms will differ, especially 
as regards the degree of geographical spcciatioii. from more 
mobile types (p. ajp). And ecote^cal siwciation is encouraged 
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by a dccrca^ of biological conipctidon (p. 3^ 3)- ^ couiSCt these 
various differences of origin, narurc, and cnvifoniociit may over¬ 
lap and combine, so that there will be great variation in the sbe, 
discontinuity', and distinguishing characteristics of species in 
different group and different regions- 
Tc is this fact, of the existence of different kinds of specks and 
of differerit degrees of speciadon within each kind, which makes 
it difficult to give a satisfactory definition of a species, and ntakes 
us sometimes wojtdcr whether the term itself should not be 
abandoned in favour of several new terms, cadi with a more 
precise connotation- However, we may here refkct that the term 
speics ha*! a practical as well as a theoretical aspect- It is ncocssaty 
for the museum sysiemarist to have some critciiou by which he 
can allot specimens to the pigeon-holes of named taxonomic 
units. Frequently he has to give an opinion on a few preserved 
specimens sent for idendficatiorL His work may often have 
important practical bearings: it is necessary for practical reasons 
to be able to distinguish between a niosqnito that transmits 
malaria and one that docs not, or between two plant species in 
only one of which the essential oil is commercially valuable. 
Thus, whatever refinements of method he may call to his aid in 
regard to favourable material, whatever niceties of ecology, 
genetics, or cytology he may wish to evolve in his theoretiGal 
Studies^ the fact remains that for his practical routine he must 
have some rtde-of-thumb criterion for disdngiushing related 
forms and deciding when they deserve separate names. It is 
inevitable af^d right that minor systematics shall be a compromise 
between the complcjdty of biological fact and the logic of 
practical convenience. 

One of the most important tools of taxonomy b nomenc^orial 
terminology^ Incomplete or incorrect nomenclature may indeed 
involuntarily distort the facnial data. For instance, if. as at present, 
current taxonotnic practice operates almost exclusively by giving 
names to areal groups, and docs not provide terms for continuous 
gradations, then what arc really arbitrary stages in a gradation 
will often be given names, impiyiiig that they arc omform group 
witli a definite distribution (p- 226). The basic theoretical aim of 
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taxonomy is obviously the accurate descritJtion of or^ic 
diveisifimtion in nature. Although for reasons of convenience it 
i$ desirable to have a general terminology, like that of species and 
spbsprdes. applicable to the majority of organisms, yet it must 
be tecogtdzed that this does not apply at all in certain exceptional 
cases (p. 353), and that it must m many groups be supplemented 
by additional terminology. However, althou^ certain new 
terms should probably be incorpotated into the nomendatuie, 
yet practical reasons dictate that most of such additioiial termiiir' 
olc^ should he purely supplementary, adopted as an additional 
means of analysis for dm or that special purpose (p. 405; Tumll, 

I938d}. 

A quite reasonable definition of the term species is that given 
some years ago by Dr. Tate Regan when Director of the Natural 
History Museum at South Kensington—namely, that “a species 
is a community, or a number of related communities, whose 
disdnedve morphological characters ate, in the opinion of a 
competent systematist, snfficiendy definite to cnritle it, or rhem, 
to a specific name** (Regan, 1926). The difficulty with this 
definition lid in the term competent, which is what we have 
recently Icami to call the “operative” word. And experience 
re aches os that even competent systematists do not always agree 
as to the deHmitadon of species. 

Furthermore, in view of what we have previously said as to 
the eTfwri-nre of different kinds of species, it is clear that the 
competence of a systematist in this respect must he in the main 
confined to groups which be himseLf has studied in detail; for 
other groups may differ m their prevalent mode or deuces of 
speciadoD, or in other characteristics of the species of which they 
consist. It is no good asking a systemadst who has drawit his 
experience from a higher animal group such as birds to apply his 
competence directly to a plant group such as the Compositac, 
still less to one like the brambles or the roses, in which, as we 
shall see (p. 351), wholly different processes are operating to 
produce group-difictentiation. 

And even in groups with the same general biolo^cal charactcr- 
isdes, thcicfore the same general type of spcciadon, cxpcrtcncc 
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b needled to decide what chaiactxrrs arc of value to the practical 
systemadst in Kparating his groups. Soniednics these appear 
arbitrary enough. For instance, in the group of fossil fish known 
as PaleonisccMds, ii is cuslonsary to use difiercnocs of body-scalc 
ornament as diagnostic of species, those of head-scale omaincnt 
as diagnostic subspecies. In fish> again, the fusion of tlic lower 
pharyngeal bones to form a angle plate is used in the perches as 
a generic diagnostic, while it is used as an ordinal character for 
the order Synentegnathi (sec Norman, 1936). 

Such examples once more remind us of the prag;inatic aspect 
of taxonomy involved in the need for (]uick and simple pigeon¬ 
holing. In genera], systematists prefer non-adaptivc (or apparently 
non-adaptivc) characters as bases for their diagnoses, so long as 
they arc readily visible. Such characters arc less likely to be 
obscured by parallel or convergent evolution in response to 
selection-pressure (p, 357), In passing, we may note that this very 
natural preference goes a considerable way towards explaining 
the assertions of die nonrodaptivcncss of spedation that arc made 
by many systematists. But what precise characters shall be ehosen 
as ptedoniinantiy suitable for classificatory diagnosis must in 
each ease be discovered anew by experience. What works in one 
group may have no pragmatic taxonomic value in another, even 
though closely related- Chapman (1924) has studied the question 
carefully in birds. He considers that Iwrd-and-fast rules should 
not be followed. The variability and evolutionary plastidty of the 
group and the degree of its adaptability in habit, , must be taken 
into account, and difictcnces in voice and behaviour arc to be 
regarded as of equal or sometimes greater importance than those 
in morphological characters. If so, then even in the absence of 
adequate coUcctions throughout the whole range, the systematists 
should be able to classify specimens much more successfully by 
such comprehensive mctiiods than by rulc-of-thumh procedure. 

None ^ less, even when the differences between groups and 
the claims of practical pigpon-holing have been allowed for, tliis 
definition of Regan must be taken into account, for there j'r 
some reasonable measure of agreement among competent 
systematists as to the criterb they adopt for classifying organisms 
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in different spcdcs. These arc fiist, visible (uiorphological) 
rcscmbluicc between mcmbcts of t group, of such a nacttrc as to 
be consonant widi die view that the group is actieilly or potentially 
an interbreeding one; secondly, lack of intergrading with other 
group; thirdly, a geographical area of distribution consonant 
with the idea of a connnon anastry for the group; and fourtjtly, 
w'hcte data arc available, infertility on crossing widi related 
forms. 

The first three criteria can be evaluated on the basis of pre¬ 
served specimens and records of their provenance. Tiny may be 
modified in various ways according to special circiinistances. 
[ior instance, as regards resemblance, experience has tauglit diat 
in some cases large differences in apparance are possible within 
an interbreeding group. The colour-plmes of some birds and 
piammak (p, 184,) arc examples ; but the most striking cases arc 
those of polymorphic mimicry in butterflies (p. 102). The older 
entomologists were shocked at the idea that such diverse types 
might belong to a single speks. Thus Hewitson (1874) wrote 
with rcgvd to Papilh mnvp (now caUed P. datSanus) and its 
plymorphic fetu^ forms, each then regarded as a distinct 
species:— 

“Mr. Rogers has sent me a second collection of butterflies 
from Fernando Po, containing P, wcfppe and P. tdppocoon taken 
by In m in copularion, another illustiadon of die saying diat 
*truth is stranger than fiction'. 1 find it very difficult even with 
this evidence to believe that a butterfly, which when a resident 
in Madagascar has a female the image of itself, should in West 
Africa have one without any resenihlanoe to it at all,” 

But breeding tests have proved that the older entomologists 
were wrong,* 

Systemacists have also leamt to discount occasional mutant 
forms, though here again, in the absence of actual breeding 

* Actiully, ilw ditTcwncc bdrwccn tine two sexts of one and the «uiic ipcdcs 
nay be more cKtnoiduury, in die worm Boarllitt or in cittain uigkt- 
But we are 10 Mcurioiued to thu rm of diffeivim that it no longer nrikei 
us as reniarksblc, akbougb in point of £ict the dcvelripmeniil 

try which this dilferenre is ituiittained sill'd light on the odgtn and 
nuintenmre of other kinds of iniMKipecifie variation as miitittic poly- 
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experiments, Uidividuil opiiiton must enter mto practice (see 
Chapmao, 1923, 1928; Strcseniami. 1923-6; Uatcsoii and Bateson, 
igajJ, A constaiii average tnorpliological diftereiice front otlicr 
groups is thus the first criterion (Began, 19^6), tltough, as we 
shall later see, it is not an indispensable one, and, as Mayr (1940) 
bas pointed out, subspecies may dificr visibly more than do good 
species. 

As regards uitcrgrading, a number of quite difierent situations 
present themselves.* What we may call simple intergrading is 
shown by subspecies inhabiting a continuous land area, wlicn 
these inteigrade by freely utterbieeding in narrow zones at die 
margins of their ranges. In some of tliesc eases cartful analysis 
has shown that tliciv exists a clinc or continuous gradient of 
cha"gg in subsped fie chararters, whicli is gradual within die 
main areas of the subspecies, but much steepened across a narrow 
intetmediace belt (p. 187): it is possible that the majority of cases 
of true intergradation will prove to consist in such a si]Ce|.x;ning 
of general gradients of change (p. 209), 

^tnedmes, owing to physical bariieis, there is little or no 
interbreeding at the margins of the group-areas. This may lead 
to complete discoatinuicy of type, ,ts widi island forms such as 
the St. Kilda wren {Trogtodytes I, /lirroisis), althou^ in other 
the mean dif&renccs bccvirccn the two populations may be 
no greater than when intergrading occurs, bi some cases, how¬ 
ever, complete physical and gcncdcal isolation may exist widi 
sli^t or even no charactcr-dillcrcnce bcciveen the types. 

In still other cases there is an interbreeding zone in whicli, 
instead of the phenotypically simple gradation between two not 

* The tenii iiitcfgradii^ is Iterc used in the sitisi.‘ orfc«>gianhi(s] iiiCLt^gndu^, 
tmiilly aknig a- marf^iMt wnw dcjiinitiiig [KipulatUiiis fit’ diKinn limti type 
(slthiH^h ine^;ular types of uitergndatioi) iiicntiiitied aJst> ocicur). Noth gvo- 
Ktaphitiil mtaripiidatiuti appnis always to Ksf <i» genetic iniztua' of lypci. Ill 
iystci>iJti<r httranirv, however, the tenn is stmictimcs used to denote that two 
papulae k)RS ^difleieni uiean type oveiUp io theif viiibk charaetcra, irropcetivc 
of whcthci one pupulstioo actually passes Jaito the other by xiicaiis of a than^ 
in tneah character. To avoid mnfution, this abould rather be styled miv)ihologkdt 
evtfkp. Marked moTpholofocsl overlap tiiay oteut between ^wo <pnie diKoii- 
tinoous pupulationi (e.g. an island aitd a nuioLnd ibmi}, whetc arcordingly 
there is no (tvrxgraphh'al intripradin];, and xenctir internradini; b alnent or 
jiegliBibk. 
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very dissimilar types, which we have jtist becti considering, we 
find obvicHis mendcliaiL recombinarions involving die characters 
of two markedly disfinct rypes on either side of the aonc, as in 
flickers and other birds (p* 250). If we want a special term, we 
may call this a zone of rtcombkiation (though we must remember 
that recombination must also be at work In the zones of simple 
intergradation between subspecies that difici only slighdy and 
in quantitative ways). When it occurs, it may be taken as evidence 
that two groups which have undergone considerable differentia¬ 
tion in complete isolation from each other have later excended 
their ranges so as to come into contact, owing to clitmdc or 
geographical changes. A still further complication is provided by 
forms such as the brambles or the hawkweeds (pp. 352, 372), in 
which irregular reticulation, apparently due to widespread 
crossing, recombination^ and apombds, occurs between various 
main types over a large area and not only along a marginal zone 
between the areas of two uniform types. 

A quite other form of intergradation is seen when two groups 
differ in the percentage of two or more strikingly different forms 
or "phases''. Thus the different band- and colour-types of the 
snails C^paea fian&raUs and C. exist in different propor¬ 

tions in differer^ localities, as do the percentages of white and 
blue arctic foxes /dgupwsj or of bridled and non-bridled 

guillemots (Urm ^dlgei 1919)* etc. In some of these 

eases, such as the guillemot, there exists a cegukr geographical 
gradation (clinc) in the rado of the two forms (pp. 105, 217), 
whereas in others, c.g. Cepaea, the dhtribudon of types appears 
to be wholly random. Limiting cases arc also known, where a 
type exists in two fomis in some parts of its area, bur in only 
one of them in ocher regions (p. 184). 

Finally, gradual dines in modal character {not in the rado of 
sharply distinct types) may be exhibited over considerable areas 
(p. 220), In some cases the presumptive evidence supports the 
view tliat the phenomena arc due to hybridizadon. but is more 
often against it. Classical taxonomy has for the niosi part con¬ 
cerned itself only with die intergradation to be observed in 
narrow zones- but, as we shall sec later, brgc-scale dines of 
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VWOU& types, though of diJ&rcot signihcanco, are probably of 
equal importance. 

With regard to the criterion of geognphical area, mattcis arc 
in most cases fairly simple. EJifficulty aris4s, however, when there 
is considerable crossing between well-diffcicntiated fonns. 

Before evaluating these criteria further, we must mention the 
classical criterion of infertihty, which of course is not available 
for most museum specimens. It was ai one time considered that 
this was crucial. “Good species” were those which were either 
diiecdy infertile, or yielded infertile hybrids: fertility between 
two types proved that they were not species but only varicdcs. 

This view, however, is no longer tenable. Undoubted species 
may cross and yield fully fertile hybrids (see Goldschmidt, 192$, 
p. 392), while forms wldch arc partially or wholly infertile with 
each other may be so sunilar in appearance as to be barely distin¬ 
guishable [Drosophila simulms and D, melanogasteT, p. 333: the 
two “races” of D. ps:euJoobscura, p. 323; certain “biological 
races”, p, 295; the peculiar “races” of mosquitoes, p, 317; Ctc,J. 

Dobzhansky, in his recent book (! 937 , p- 3 io), scchs to over¬ 
come the inherent difficulty of definition by substituting a 
dynamic for a static concept of taxonomic categories. For him 
the species is “that stage of the evolutionary process, at which 
the once actually or potentially interbreeding array of forms 
becomes segregated into two or more separate arrays which am 
physiologically incapable of interbreeding”. The dynamic point 
of view is an improvement, as is the substitution of incapacity 
to exchange genes for the narrower criterion of infertility: but 
even so, rbk definition cannot hold, for it still employs the lack 
of interbreeding as its sole criterion. "‘Interbreeding without 
appreciable loss of fertility" would apply to die great majority 
of animals, but not to numerous plants. In plants dicre are many 
eases of very distinct forms hybridizing quite competently even 
in the field. To deny many of these forms specific rank just 
because they can interbreed is to force nature into a human 
definition, instead of adjusting your definition to the facts of 
nature. Such forms arc often markedly distinct morphologically 
and do niaintain ihensselvcs as dbcontuiuous groups in nature. 
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If they are not to be called specks, then species in plants must 
be deemed to diSer Irom species in animals in every chaiacteiistic 
save intcrstcrility (see also p. 342}. 

DobEhansky is perfectly aware of these diHiculdcs, but is 
indined to minimize them. He concludes chat if groups at this 
level of evolutionary definirion arc not to be called species, they 
do at least demand some name. This may be granted, yet it may be 
prekrablc to employ subsidiary terminology for such one-critcr- 
ion c^egories (cf. the term commisatum proposed by Danser, 1929}. 

We have just noted that certain authorities have attempted to 
erect infettihey on crossing into an absolute criterion, of spcdcs. 
Others have done the same for lack of geographical and genetic 
intergradadon, incspcctivc of the degree of visible di&rence 
between the two types. This, indeed, is a common practice of 
many American systemadsts. It is, however, very difficult to 
justify any such hard-and-fast rule as a matter of principle, since 
it can only be a mere rule of thumb. There are many cases where 
the extremes of a chain of intcrgrading varieties arc far more 
different than, say, an island and a mainland form which happen 
for geographical reasons to be unable to intergradc. It appears 
quite illogical to erect the latter to the rank of species while 
leaving the former as subspecies: the one may be more likely 
than the other to differentiate later into a full species, but that b 
another matter. The question has been ably discussed by Chapman 
(1924), who emphasizes the need for a broad biological outlook 
in minor systcmatics. Stresematm (1927) adopts the same bio¬ 
logical standpoint. 

As regards geographical variation within the species, modem 
pracricc Is tending more and more towards the adoption of die 
principle embodied in the German term, introduced in 1926 by 
Retisch, of the Rasititheis* This may be stated as follows. When 
one form b replaced by another vety similar form in a different 

* h-^T j tibcusiiun oC dm and simiLu trims m RchkIi (1934)^ A) 
pvinn. out* the term profKMcd by Kkinschmidc, suffen £tum 

diudvjnta:^^ in that Hl- Lnrtudi,'? nndL-r it undoubted tpecKt u well a* subspMiMi 
:iEid do« fu>i iiisiM on ihc principle of icpbccmcnt, Mayr (1940] rufuie? the 
virw of Kiiuey {iij.^7) that tht title of spccici ihould be Riven to the lovyeit 
diuittRubiublc syncniaiic category, whict will in faet lamally be the wbi|Kdi3. 
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gcographicsJ area, the two should be considered as subspeciesp 
whether they show intetgradation or not, unless the difference 
between them is so marked diat we should be justified in pic- 
suming that they would not cross if present in the same area in 
nature, or that they or their hybrids would be infertile on crossing. 
Even so, wc may find out rules inadequate. Somednics ibe end 
members of a single chain of intergrading subspecies will not 
breed together (see p. 244). Such eases merely emphasize the fact 
that there can no sharp line between subspecies and species, 
and that discontinuity between groups may arise gradually. The 
conveisc fact that forms showing much less difference in visible 
characters than that between undoubted subspecies may live in 
the same area without interbreeding and must therefore be 
regarded as good species, shows that we must not make a liard- 
and-fast rule on the basis of visible diffcrentialion either. 

In general, it is becoming dear that we must use a combination 
of several criteria in defining species. Some of these are of limiting 
natuie. For instance, infertility between groups of obvioi^y 
distinct mean type is a proof tliat they arc distinct species, 
although once more the converse is not true. 

Thus in most cases a group can be distinguished as a species on 
the basis of the following points jointly; (i) a geographical area 
consonant with a single origin; (ii) a certain degree of constant 
morphological and presumedly genetic difference from related 
groups; (ill) absence of iiitcrgradation with related groups. 
Where evidence is available, infertility wiili related groups will 
be extra evidence for specific distincmess, but its absence will 
not be conclusive as evidence against such distinctness. The 
actual absence of interbreeding in naiure is in u>me ways of 
greater itnportaiicc than infertility'. The lack of interbreeding 
may depend on mere geographical separation, on psychological 
harriers, on ecological separation, on difference in breeding dates, 
etc.; but such absence will in point of fact isolate groups, wbether 
or not in abnormal cireumscanecs tlK'y can be made to mate 
and their matings arc then fully fertilL'. The absence of inter¬ 
breeding connotes absence of intergradation; and both can be 
summed up under the head of isolation. Our third criterion 
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above, if translated fifom the terminology of the muscom to that 
of the field, may thus be fomiuUtcd as a certain degree of bio¬ 
logical isolation from related groups. When two niorphologicaUy 
and geographically distinguishable groups will under no circum¬ 
stances produce fertile o&pring, the biological discontinuity is 
both complcic and absolute. When they produce a reduced 
number of ofispiing, or o^pring with reduced fertihry, the 
discontinuity, though absolute, is partial. When, however, dKy 
do not normally interbreed, thov^ they ate capable of free 
interbreeding under changed geographical, ecological or other 
dircumstanccs, the discontinuity, as found in normal circum¬ 
stances, is complete but relative. 

In most eases a spcdcs can thus be regarded as a gcograpbieally 
definable group, whose members actually interbreed or are 
potentially capable of interbreeding m nature, which normally 
in nature does not interbreed freely or with fidl ferdhty widr 
related groups, and is distinguished from them by constant 
morphological differences. 

This is in general sadsfacrory, but difBcultks sometimes arise. 
These difficuMes differ with different methods of spedis-form- 
adon. With gcogiaphical speciadon, one difficulty concerns the 
extent of morphological difiercnce: there arc bound to be 
borderline eases. Another difficulty arises when forms which have 
diffricndatcd in separate regions or habitat are enabled to rejoin 
each other. Intercrossing prodticdve of obvious recomfauiadon 
involving tiumerous characters may then result (p* 249), rather 
than phenotypically continuous and simple intergradation. It is 
in stuffi Cases that the criteria based on rutetbteeding and inter- 
fertiliry may both break down, and we must lay chief weight upon 
degree of (Terence.* 

* Tim muK be unusually prcvalmt at the present nme, partly Jue to the violent 
of clinLiDe Miice ihe bcginnm^ of perusdn pw^y to the part- 

gUcul me of man to biotogM^ domininec. Qwiiig n> tibc siftivitirt of nian. 
many spccici ajid ocher gtoups which tould oihcrwisc havt reni^cd completely 
□obted fmitit cjch other, have met and hybtkificd, often with full fertility. Thki 
may be doe to indLccc rc&ila of a chang^ ecological lubficc, to defoE^udon, 
culiivadon. or aceidcncal tranTpon^ Co deliberate iiiltcKltKrdoii cm ekilibetate 
hybridintion. The rci\ilt} of the sweeping raii^^<haiigci prodticcd by huctu- 
itmg clinialc mutt hive been abiiDst aicxtcmive (iCc pp. 146, 
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Ac the opposite cxdieoic arc cases where rclaccd groups arc 
entirely isolated from each ochet in nature, and normally never 
cross, but yet show very litdc morphological difTeccncc, in some 
eases indeed none whatever (p. 296 Other striking examples 
are those where genetic boktion (p. 33 j) has occurred: here, more 
attention must be paid to crieem such ^ geographical discribudon, 
but even so, doubtful eases will remmn. Hem convenience may 
dicute tbc verdict: if it is impossible to distinguish forms on the 
basis of preserved specimens, it is of dubious utility to give them 
separate specific names. 

In plants, polyploidy and asexual reproduction complicate the 
picture. Most botanical auchorlcies to-day would classify forms 
difieriug Solely in the number of chromosonic^ts as ^'varieties^ ^ 
or gciictic su^pccies^ not as spedcs, even if their mtcr-fertilicy 
b lowered or absent. Similarly, authorities diher greatly as regards 
their treatment of forms with purely asexual reproduction, like 
the majority of the dandelions (iWxdfjiwi). Some wisli to 
d^grucc cverj' recognizable form as a species; this* however* if 
pushed to its logical condusioQ^ w^ould imply that each new 
surviving mutation should be accorded specific rank. Turrill 
(193S6) suggicsts that tor practical convenience a nun^ber of well- 
marked forms should be rccogni2cd as species 
each comprising a number of separate asexual lines to be desig- 
ruted by ibe non-committal term feitpfypi:. Degree of mutual 
resemblance and of distinctness from related populations Itcrc 
become the main criteria of species, wltile die idea of the intcr^ 
breed big group has completel y disappeared. 

Where ecological divergence of two forms has occurred within 
the same geographical area, spatially overlapping groups may be 
kept from interbreeding by slight diJfcrtnces in mating habits, 
food-preferences, or breeding datcs» and so remain separate in 
spite of the complete or almost complete absence of morpho¬ 
logical differences. In many such eases again (c.g, in “biological” 
or "physiological" races), die allocation of specific rank must be 
a mere matter of opinion and convenience. Finally, where free 
hybridization occurs, as in roses and brambles, the ordinary 
categories of systcmarics, which are adapted to divergent and 
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not to reticulate evolution* break down (p. 353). If the term 
Spades is to be retained m such groups* it must be employed 
mainly or merely on a basis of convenience. 

Thus we must not expect too much of the term species. In the 
first placCp wc must not expect a hard-and-^fast definition, for 
since most evolution is a gradual proccsSi borderline cases must 
occur. And in the second place, we must not expect a single or a 
simple basis for definition, since species arise in many different 
ways. On the other hand, if we ask whether there is any greater 
biological reality corresponding to the term species than to 
higher systematic units such as genus, family, or order, we most 
reply in the affirmative. Thus Dobzhansky (i 937 ) ^ hi entire 
agreement on tMs point. As he writes (p. 306): *^There is a sn^le 
systematic category which, in contrast to others, has withstood 
ail the changes in the nomcnclatare with an amazing tenacity.. 
... Ill most animal and plant groups, except in the 50H::alled 
difficult ones, the delimitation of species is subject to no dispute 
at all” And again (p. 309): ''Despite all the difficulties encoun¬ 
tered in classifying species in certain e^^ccprional groups of 
Organisms, biologists have continued to feel thai there is some¬ 
thing about species that makes them more definite entities than 
all other caicgories. W. Bateson has expressed this vague feeling 
quite concisely: ^Though we cannot strictly define spccieSi they 
yet have properties wWch varieties have not, and ... the distinc- 
dou is not merely a matter of degree.* ** Diver (194^) confirms 
this from the angle of the ecologist, and Mayr (1940) from that 
of the taxonomist: “It is qinte amazing that in well-worked 
groups there is hardly ever any doubt what is a spedcs and 
what is not"; and investigation has steadily reduced the number of 
eases wbr-rc there is doubt as to the objective existence of specific 
Or subspecific groups- The number of “difficult” species in birds 
is below I per cent- Again, of 755 birds Iktcd as spedes by the 
American Ornithological Union, only two are seriously disputed 
(probably geographically isobtcd colour-pliascs). A futthcr 94 
are considered suUpedcs by “lumpers**; but even so, these are 
objective natural groups. Allan {i94^) that species, in spite 

of widespread hybridization, are “a reality of nature *, 
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Wc canoot give any single tcply such as that a spcdcs b an 
mcerbreeding group completely isolated from breedi^ with 
other similar groups t tliat would be an over-simplification. But 
we can say that living thingjs, instead of showing continuous 
inteigradadon, as might perhaps be expected u priori, tend to be 
broken up into discondivuous group-uwts, distinguishable by 
recognizable genetic differences in their characters, and that 
practica] convenience demands that these umes, even though they 
are of several types, originating in difierent ways and differing 
in character and magnitude, be given specific names. 

The scale on which this process of spcciation operates to intro¬ 
duce discontinuity into the vital continuum, may be better 
appreciated if we give a few figutts concerning tlic approximate 
number of species already described in di6ercnt groups. Linnaeus 
in the lOth ^ition of the Systfiwu described under 4i400 

species of aititnals*. Tliis number has now been increased two- 
himdrcd-fold. Hesse (ipap), in a careful review, estimates the 
total number of metazoan aniinal species rccogniaed in 19^^ 
between three-quarters of a million and sligluly over one milhoii. 
Of this figure, the single dass Insccta accounts for a minimum of 
500,000 and a maximum of 750,000. The estimates for other 
main groups are as follows:— 
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The variation in die estimates ikpciids cliicfly on whether tlie 
principle of geographical rcplatemcivi (p, 174) b adopted or not. 
If adopted, die number of species is reduced, but many become 
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polytypic The number is being steaciily ^dded to by the process 
of discovery at an increasing rate which is already over 10,000 
per annum in insem alone! (Smart, 1940), In the well-worked 
birds, however, Mayr (1940) estimaies that under too undis¬ 
covered species remain to be added to those already described- 

Usually the identity of the discontintious group and its delimit- 
adon from other groups is preserved by mterbreethng, chough 
in some cases, as in non-sexual forms like dandelions^ the 
delimitation is presumably achieved by se}cction-pres5UTC+ Some¬ 
times the group is only potentially an interbreeding one: in other 
cases the discontinuity which separates k from other groups is 
not compktc- In gcnerah however, such discontinuous groups, 
ckiracteriaed by a particular area of distribution, and by discon¬ 
tinuity in interbreeding or in dc_^ec of resemblance or in boch^ 
do exist: and CO them we can legitimately apply the term specks. 

An interesting analysis could be made of the general problem 
of discontinuity in biological phenomciia. Life is and must be 
a oontmuum because of its basic process of sdf-reproduction: in 
the perspective of time all living matter is continuous because 
every fresh portion of it has been produced by pre-existing living 
However^ discontinuities of various sorts have been 
introduced into the continuity. The chief of these disconrinuirics 
are those of the cell, the multicellular individual, the species, and 
the ecological community. The last-named of unit is very 
instructive: in spite of continuous variation in environmental 
factors, ecological commuiuties arc quite sharply separated, as 
any one knows who has p^sed from the tree zone to the tredcss 
zone above k in mountain country (for a discussion on this 
point, see Elton, 1927, Cbap. 2). This type of dbcontinuity w as a 
constant source of preoccupation to Bateson (e.g, Cbap. 8), 
who also drew the attention of biologists 10 many others, such 
a$ meristic variadon- 

Longlcy (1933) points out that if the quantitative relation found 
by Wdlis (1922) betw^een the frequency' of genera in a given 
group and the number of species they contain, can be generalized 
on a firm basis^ it would provide indcpcndcnl evidence for the 
biological reality of species. 
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tn nil c3$C3s chc cliscoDtiiiuity, though fundamcntnl, i$ never 
absolute. Every biolt^t knows the limitations of the ccU-thcory 
and du: impossibility of giving a tigid defuiition of oegwie 
individuality, yet ceils (Wilson, 1925) and individuals (Huxley, 
1912) remain a$ essential biological units. 

Tlic same applies to species. Just as syncytia constitute an 
exception to any rigid ccU-doctrinc, so brgc multiple intcr- 
breedbg groups, such as those found in willows or in man, form 
exceptious to the usnal rule of specific discontinuity, IntcrceUular 
protoplasmic bridges find a parallel in the occasional exchange 
of genes beiwccn otherwise discontinuous groups. The problem 
of individuality in colonial organisms with moderate division of 
labour between the zooids is m^ched by the problem of spcciation 
in g;roups intermediate between a iRusieiibrets and an ATtenkreh 
(pp. 179 n., 407). Yet species, too, remain as essential biological 
units. 

Owing to the historical and pliilosophical association of the 
word species, it might be thought desirable to employ sonac other 
urrm in biological nomenclature, Owmg to the fact that various 
types of species exist, and that they exist in various degrees of 
differenriatipn, it might be thought more scientific to replace 
one by many technical terms. But spedes is hallowed by Icmg 
n<a fFi;^ and so ingrained in practice that it would be vittually 
impossible to replace ii. Species, envisaged in this way a$ l.irgely 
or wholly discontinuous groups, arc thus nomially, though not 
universally, realities of the biological scene! and it is our business 
to sec what is known of the methods by which they originate 
and by wliich their distinctness is maintained. 

2, THE UtEtERENT MODES OF SPECIATION; SUCCESSIONAL 
SPECIES 

It is logically obvious, on the postulate of evolution, that every 
existing species must have originated from some pre-existing 
S[x;cies (sometimes, as we shall see, from more than one), but 
equaUy clear on the basis of recent research that it may do so 
in one of several quite different ways. A single species as a whole 
may become transfornied gradually to such an extent tliat it 
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comes to merit a new specific name. Or it may separate, also 
gradnallyp into two or more divergent lines whose divergence 
eventually transcends the lirtuts of specific distitiction: somctmies 
the separation into mutually infertile or othenvisc distinct group 
may occur suddenlyp but the subsequent divergence may yet be 
gradual. Or it may hybridii:^ widr another species and dieir 
hybrid product may therL, by chromosomc-doubliiig. at one 
bound consdtuEc a new species, obvioosly distinct from the 
outset: hoKp instead of one species dwerging to form twOp two 
converge to form one. (It is possible that such sudden origiiis of 
new species by means of chromosome or genome aheoradons 
may also occur without hybridizatioTit from a single mstead of a 
dual origin.) Finally, in certain group of plants, the minor 
systematics are in an inextricable tangle, so that no two author¬ 
ities agree even approximately as to the number of species 
involved and theii limitations: in these cases hybrid^adon, 
apparently involving many more than two fomiSp toother 
with backH^rossing, recombination, ehromosomc-doubiingp and 
apottiixis* appear to have been and still to be at work. 

Thus spedcs-formadon may be continuous and succcssional* 
continuous and diverg^t; abrupt and convergent; or what, 
following a recent writer (TuniH, 1936), we may caE 
dependent on repeated intercrossing betwoen a number of lines 
and thus both conver^nt and divergent at once. 

We may thus daisify the tyyKrs of spcdcs-formarion in various 
—^whether they are gradual and continuotis or sudden and 
abrupt; whether they arc divergent or convergent; what kind 
of isoladon has been operadve; what bamers to fertihty have 
been developed; and to what cnvkomnental factors^ ^f 
process of species-formation is related* 

We cart distinguish four main kinds of factors which have 
been deebive in bringing about the discontinuity le^ing to 
speciation. These four factors arc dme^ space, iunction, and in¬ 
trinsic mechanism. The iour resultant modes of speciation arc 
transformation in geological time, geographical divergence^ 
ecological or adaptive divergence, and separation through gpnedc 
accident. ThuSj if we wish, we can distinguish four main kinds 
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of species, die succcssional, the geographical, the ecological, ai^ 
the genetic. Naturally, die decisive agency in each case may be 
assisted in a subsidbry way by the other agencies. In pographical 
speebtion. for instance, there is normally an adaptive ck-meiu, 
while lapse of time and cliangcs hi genetic mechanism arc inevu- 
ably involved; but die factor of sepafation in space is primary 
and dccL.vc, that of adaptive functional change iubsidiary, and 
those of temporal and genetic tmnsfonoation merely conse- 

qucntbl and secondary. ... j -i 

Let ns deal with th^ four modes of s^ciadon in more detail. 
The first three arc always gradual, while the fourth may be, 
chough it is by no means always, abrupt. 

Our first major factor is time, producing succcBional spccbdon. 
In this process a given stock gradually changes its characteristics, 
so that forms meriting different specific and generic tides succeed 
each other in rime. Paleontology provides numerous evidences 
of really gradual specific transformacion; these have been pre¬ 
served almost exclusively in aquadc animals such as ammonites 
and other molluscs, sea-urchins and other echinoderms, though 
also in a few land vertebrates such as die horses and ritanothercs; 
but sitnibr changes must, it is dear, liavc been generally at work- 
in some eases, as in the shift of the mouth of the sea-urc^ 
Afirrdsfer, the change seems dcfiiutcly to have been an adaptive 
improvement—except possibly during the last phase, when some 
authorities maintain that the original trend was prolonged 
orthogcnctically although by this time useless or deleterious 
{Hawkins, 1936). Furthermore, whenever the speacs-trans- 
fiiimation is part of an adaptive trend, as in die horses or elephants 
(Chap. 9) it must itself be essentially adaptive. 

We cannot be completely certaun that a g^ven trend as revealed 
by fossils is unilincai and not divcrgitni, since this would presume 
a know ledge of other areas that we cannot expect to possess. We 
may, however, tcasonably presume that umlineai trends have 
occurred in certain abundant and widespread types. In any case, 
the important point is that a long-contuiucd trend exists, in the 
course of which types meriting systetnaric dbtittetion succeed 
ra r b other in the same stock, whether or no the stock also sphts 
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to form other species showing broadly parallel evolution: the 
type is successively transformed. Tbc subject of long-range 
trends is of such importance that we deal witli it in a separate 
chapter {Chap, 9). Our analysis dictc will show that the great 
tn^ority of such trends arc adaptive. Thus the main agency here 
in producing succcssional speciation is selection, though it is 
possible that orthogenesis (p. 504) may in some cases be at, work. 

It might accordingly be considcfcd that time can never be the 
primary factor in spedation- If orthogenesis b at work, the 
primary factor would be genetic: it would he ecological when 
the transformation b adaptive. It b true that time an iw^er 
operate alone to produce speciation, in the way that is possible 
with alterations in genetic mechanism. Nevertheless it can riglidy 
be regarded as the major factor, or one of two major factors 
working in combination, in all cases where we arc considering 
the transformation of a smg^ stock* The transfomiadon of the 
horse stock &om the three-toed into a one-toed type was un¬ 
doubtedly in the main adaptive* Nevertheless, what separates 
the forms along the single transforming line b time. It is the 
length of time that has elapsed between the gencsb of one forte 
and of the next form meriting a separate name that has permitted 
thdr specific dbtinction. This b because, in succcssional speciation, 
we arc dealing with stages in an evolutionary trend, not with 
mere divergence in relation to peculiarities of local cn won- 
ment or of the generic constiturion ; and evolutionary trends are 
normally long-continued, involving steady change in a single 

direction over long periods of time. 

To put it in anotbcc way, the dbtinction between two rela«d 
succcssional spedes b primarily a function of their separation 
in rime; while that between two related geographical speaes 
b piimarily one of their separation in space; that Wtween 
ecological spedes, of their divci^ce in mode of life; and 
that between genetic species, of changes in tiieir genetic mcc 
bm. Of course here, as in every aspect of evolution, we arc 
dealing with processes of multiple causation. For instance, 
sxicccssioo^ adapdvt transfoftnatMJH witilin i ttCOil cajuiot 
ceed at all when a certain limit of spedalization has been reached 
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(p' 494) ‘3 its rat? will be dependent on the srage of specbl- 
izarion reached by the evolving type, as well as on environmental 
cQttdidons, in the same sort ol way as tbc degree of ecological 
spcciadon is dependent on predator-pressoce (p, S24)< In any 
ease, long-range evolutionary trends, considered as affecting 
groups and manifested as adaptive radiation (p. 487), are pri¬ 
marily ali^ of ecological divergenoe. But each trend, considered 
separately, is primarily an aif^ of successional transformation, 
in which the successive forms owe their disanctness to the lapse 
of tune by which arc separated their posidons in the cvoltidonary 
trend. 

According to certain authorities, successiooal spedadon often 
proceeds, partly or wholly, by discontinuous changes of small or 
moderate extent. These are usually called “Mutations of Waagen** 
after the paleontologist who first drew attention to them. How¬ 
ever, as Rcnsch (1935^} 1 ^ pointed out, a much more probable 
cxplanadon of these is that a dimadc or other cnviromnencal 
change has produced a shift in geographical discribudon, ratising 
a given stage In the stradgraphical sequence to be replaced by a 
related subspecies or species which has differendaced in another 
region. 

There are comparatively few cases in which environmental 
condidons appear to have remained constant over a long period 
in one area. But whether this be so or not, the chai^ in the 
fossils may he cotuinuous, as with the sea-urchin Micraster during 
a considerable portion of the Cretaceous; in such cases we must 
be dealing with intra-specific selection towards a higher degree 
of adaptation. In the absence of evidence to the contrary, wc are 
probably right in thinking chat successional transformation. In 
the abundant species which alone can provide satisfaaoiy fossil 
series, is alwap or at tease normally a gradual and continuous 
process. 

3. GEOCRAPUICai betiacement: the natuke op 
S tJfiSFFOZS 

Nexi we come to cases in which divergence subsequent to some 
type of isolation is the primary fact .leading to the formation of 
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new spedes. The divergent splitting of species and genera tnust 
clearly be postulated to have occurred on a large scale in the past, 
if only to account for the rapid increase with pological time of 
the number of types and taxonomic units in newly-evolved 
groups, such as the orders of higher placental mammals. Wost 
of the divergence seen in such adaptive radiations of groups 
(p, 4S9) is ecological, concerned with adaptation to different 
cnviionments and especially to different modes of life. It iSi how¬ 
ever, not easy to obtain from paleontology direct evidence of 
divergence, since tbis demands good series in at Ic^t two separate 
but crucial areas. 

We shall return in a bter chapter to ecological (hvcrgence as 
illustrated from existing organisms, Here, however, we will 
begin bv dealing with geographical isolation, since a study of 
geographical distribution reveals what are without question all 
stages of geographical divergence. Furthermoce, the data on this 
subject are extensive, and have been subjected to thorough 
analysis. 

In all cases, the basis on which we presume geographical 
divergence, i.c., the evolution of a common ancestral form into 
two or more different forms in different geographical areas, is 
what has been called the principle of geographical replacement 
(sec, c.g., Rensch, 1939. 1933"). ^ndcr this we include the 
numerous rase* where closely-related but distinct forms (species 
or subspecies) are found in different areas of the world s surface, 
but do not (with certain exactions to be discussed later) overlap; 
on the contrary, one replaces the other as we pass from one area 
to another. 

Such forms which replace each other ^ogcaphicahy show all 
stages of diversity, from dubious and inter grading to sharply 
defined subspecies,* and thence on to spedcs and genera. As we 
should expect, the percentage of groups which, though clearly 
owing their origin to geographical differentiation, do not exliibit 

* [t H Kiglily deunible lo restrict die tetui s^spffirf it> gcouiu tltJi arc abated 
RnjmphicaUy of in other ways (e.g. ptiywolDgically) wd ilio not to uiv (he 
tfim twiffy ai iyiwnymou! with wbspecics. but. if it he enipluycd at all. n* 
restrict it tn fonw which oeny togrthet withisi the sanjc ecogtaphical or oth« 
gfudp, u in polymorphic spcvics (p. 99). 
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strict geogTRpbical ctplROCtnent, but have overlapping areas of 
distribution, is very low among subspedes (pp. 273,291), but may 
be considerable in bigber taxonomic unics wbkh arc intersterUe 
and bavc haddmeforextensivecange-ebanges (pp.241,243 fF.,285), 

Almost every group of organisms investigated reveals some 
examples. Geographical divergence has been, perhaps, most 
carefully worked out in birds: our own avifauna provides 
excellent examples, with the St. Kilda and the Shetland wren 
{TragloJyus t. birteiisis and T. t. zetlandkus), the British sub¬ 
species of tit (Paruj), jay (GutTwlMf), wagtail {Motadlla) and many 
other forms, and the specific disdnctioti of our red grouse, 
Lx^opus scoticus (seeWitherby, 1933-41). This last form, it should 
be noted, has not only diverged spedficaUy from the willow 
grouse (L, lagopus) but has itself di&rendated into a separam 
subspecies in Ireland. Hartert's classical work on palacaictic birds 
(1903-35) illustrates the use of the systematic prindple for a wide 
range of forms, while Lyncs’ exhaustive and elaborately illus¬ 
trated study of the passerine genus Cisticola (1930) provides an 
example of its application to a single type. In this single genus 
he recognizes 40 species, with 15+ subspecies. The gienus is of 
sedentary habits, so that the number of subspedes per species is 
about 50 per cent higher than in related but migratory genera 
(see p. 239) such as Phyll^scopus (studied by Ticehurst, 1938) 
or Sylvia. 

Mammals, however, provide as good an array of examples. 
We shall later refer to the thoroughly-investigated ease of the 
deermiee (Peremyseto) (pp. 1S6, 1S8, etc.), but squirrels and other 
rodents (e.g. Griiuiell, 1922, on the kangaroo rats, Dipodomys), 
antelopes, monkeys, and many other types behave in just the 
same way, hucca, notably butterflies, have also received much 
attention fiom this point of view. As an exhaustive study we may 
refer to Warren’s monograph on Erebia, in which spedes, 
many with marked subspeciarion, arc recognized (Warren, 1936); 
while Ellers (1936) has made an elaborate investigation of the 
subspecies of a single spedes, the swallowtail Papilio Mdr/iaen, and 
Zarapkin (1934) and Bndrodi (193S) <^f the beetles Carabus 
gri^tulatiis and Orycles nitsttpms respectively. Zarapkin’s study is 
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b a v H on giundcitivc meastifctneiits of ovtr lOO duncten. 
Wc later also have occasion to refer to cbc geographical 
variation of various miiujedc and other butterflies, of moths, 
beetles, reptiles, amphibia, snails. Crustacea (see Chcvais, 1937) 
and other animals. 

Plants do not seem so prone to geographical subspedatioD as 
anitnalu, but a uumbei art known which show the phenomenon. 
Among plants an excellent example is Genft'stifl Intetf, the large 
yellow get)^^ anthers, is widespread in 

central Europe, while C, 1 . sympAyandw, mainly distinguished 
by its united anthers, is limited to the Balkans and their neigh¬ 
bourhood: there is a slight amount of intergradadoii in an inter¬ 
mediate zone, Gregor (i93&d) has found geographical (as wcU as 
ecological) differenriadon in Fiaitta^o maritit»a (p. 223). 

Fish are just as susecpdble to the process as other animals. Even 
deep-water species may show geographical differentiation, as has 
been shown by Hubbs (i93®)i who Ends that dsxec florins of 
Hynteitocephalus striatissimus can be leaddy distinguished, inter- 
grading at the margins of their areas. The ''races*' of herrings 
appear to be gec^;rapliical subspecies, although the diffeccticcs 
between them have to be evaluated by biometrical as opposed 
to ordinary taxonomic methods (see Scbtiakcnbcck, 1931): and 
marine littoral types may be markedly diflerentiated into sub¬ 
species, Again, according to Schilder and Schildcr (i 93 ^) ^ 

165 species of living cowries (Cyprariiitfe) are divisible into 
geographical subspecies, the numbCT per species ranging from 
two to seven or eight. Similarly the marine gastropod Turhimlln 
pirum shows well-deflncd geographical variation (Homell, 1916), 

Naturally, however, the process is better Ulustratcd by types 
with geographically discontinuous ranges, for instance, by the 
diflcicntiation of the tree senedos in Africa, w’herc nearly every 
Ki gli moimrain has its own characteristic form (Fries, ipaz). An 
admirable example from ammals is provided by the dlficrcut 
forms of fhar (5dlvehriiis) which inhabit various British and 
Irish lakes. Where the char ts sdll migratory, living in the sea and 
aerm/fing rivcis to spiwu, as tu the northcmmost parts of its 
range, i^ h comparatively uniform: but when non-migratory 
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and landlocked in a lake, geographical dificrCDtiatioti sets in. 
Regan {1911) distingtiidics fifteen forms in Great Britain and 
licLuid. All these we should to-day classify as subspecies; for, as 
Regan says in a later paper (1926), “Once you begin giving 
spcclBc names to lacustrine forms of diar you never know 
where to stop/' On the other hand, “if we were 10 exterminate 
the char in our islands and on the continent, except in a doacn 
selected lakes, we should have left a dozen wcQ-marked forms 
wliich it would be convenient to recognize as spccits.” 

The biologically more or less irrelevant diffeicnccs arising from 
isolation arc in tliis ease sometimes associated with certain adaptive 
ditfcrcnces. For instance, the Loch Itannoch char, inhabiting a 
very deep lake, has unusually large eyes; the habitual bottom- 
feeders have blunter snouts and more rounded mouths. Thus, the 
differentiation is partly geographical, pardy ctxiilogical (see 
p. 227). The whitefuh (Corr;genNs) and the cisco {Lauichihys) 
dsQ show geographical di&'rcndation in differenr lakes (see 
Worthington, 1940).* Thb lacustrine subspcciation of freshwater 
fish can only date bock to glacial nniics, when the lakes were 
formed. TIk differences between trout and sca^crout and their 
local differentiations are also of interest in this connection, though 
too complex to summarize here. 

Again, a large number of subspecies of rainbow trout arc 
restricted to single bkes or rivers in Ac western United States. 
These last are dc^bed by J. O. Snyder {i93 j) as separate species. 
This is a result of his adopting principle we have aJieady 
noted (p. 163), of employing lack of inteegtadation. between 
geographical forms as an absolute criterion of specific rank. 
This, however, must lead to the pigeonholing of tjrpcs which arc 
in point of at similar stages in the process of evolutionary 
divergence, in dificrent systematic categories. Absolute isoladotn 
of groups will facilitate divergence; but that is a different point. 

* Some of the wianii which have hem given luhipcdfic tank nuy ptove to 
be puidy modiAmiooal fomu. Thus Hik (iVtC), wpiking on the Noith Amet- 
ican coco {Latci^hys ^rudi), finds that alioiuetric growth, tosethet with ki 

aJtcndoa to fcasanai didbfrncri In ^KKlrKippilyf uny icjtlyce ibnur- 

dificFcnm ai great U »nie of chMC found id named aub^pcdcs. However, whik 
thk potnis the need fbr more cardbl vnlyri^ wt can be erruio that the imjodty 
of the dsaribtfd fbmu have a genetk 
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Wc shal] heir accordingly adopt the view, which is becoming 
increasingly the basis of modem taxonomic practice^ that forms 
which replace each other geographically and the diScrmces 
between which do not transcend those betw'een intrrgrading 
varieties, arc (imlc^ they are proved kifemle by experiment) 
best regarded as subspecies of a large spedes. The application of 
this principle has much reduced the number of spcdcs recognized 
in weU-investigated areas. Thus the twenty-six palaearcdc forms 
of wagtails (AftfetKi/ld) originally accorded specific rank are now 
classified in four species with thirty subspedes: and instead of 
nine species of pakearcric jays (Cairpihu) one only is now recog¬ 
nized (Rcnsch, The total number of bird spcdcs has been 

rather more than halved by tlie application of this prindple 
{Hesse, 1929)- 

When related and obviously '"good"' spcdcs replace each other 
geographically we must eonclude that the process of g^^ographical 
divergence has condnticd until the differences arc of specific 
magnitude. For groups of species related in this way Rensch 
proposes the i^me ot Afteakrds^ which we may perhaps 
in English call a geographical suhgenus,* 

The Aiit^tikrcb is a novel concept in systeniades, but according 
to Rensch it is a widespread fact of naiure. Strcseniann (1931) 
applied the principle to the bird genus Zo$tef 0 ps (whitc<ycs)> 
In the genus as a whole he dbdnguishes t\^^cnty-two polytypic 
species [Rassaikftise^ or spcdcs with geographical suhspcdcs) and 
thirty monotypic spedes (without geographical differentiadon). 
Of these, he grouped fourteen polytypic and eighteen monotypic 
species into six geographical subgencra (^rfcpitreise). 

Similar phenomena are known in plants. Turrill (1929) gives 
a number of examples of apparently good species from Crete 
which are represented by dosely allied spcdcs on the mainland. 

* Some Engluh-4pir:ikli]^ authors trinilaii by the term su)nrspc£ief 

or suprajjieriff. Howcvcr, tJm be rauicted to intermedi^c cues, ici which 

the nujority af the formi in a KFfis of groups shewing geographical replacement 
arc dearly subspccks of a polytypic spedci, but a few have diverged funher 
until they arc piT»bab]y or Cerfainly to be TTCgardcd as Sepatatr mouotyp^ specks. 
It ii ki any case quite illrgidEnaie to equate and ^rrmlvcfV, as Is done 

by Schild^ md Scbildcr (1933, p. 10^3^ or, aj they also do, to use the lenn 
tKpi^sptfKs for polytypic spcdcs ranpiKccl entirely oFohvkHtt subspeedk groups. 


i80 BVOtUTION: THR MODERN SYNTHESIS 

Eximpks of “gcograptiical specks” from Nortb America are 
die and the Oregon jays (Peris(*rc»if ronaJmsu and P, 

d^ijcwrur); and the mouming and MacGilliv ray's warbtcis 
(Oparamts p/itiWelp/tia and O* ra/mri)* The two nicntbcts of cither 
pair are both very shnilar, differing almost solely in details of 
colour, and they ii^bit different areas; they thus joindy constitute 
an Artetdtreis. 

A similar citample from Europe is chat of the meadow and 
icd-throated pipits {/IndiMS pmensis and A, ceivinm). The com¬ 
mon and Carolina chickadees (Perns iirnVapi//us and P. cdroftwnsts) 
arc borderline cases: in some regions tlicy overlap without 
intergrading, but in central New Jersey do interbreed (Chapman, 

Although in general, s^’stcmatists who adopt the same prin¬ 
ciples of dasnficadon will classify groups in the same way, there 
arc bound to be dubious cases. A well-known example is that of 
the Japanese ph e as=>nr, characterized by metallic green coloration. 
This is by some authors dassiffed as a separate species, PktisimHi 
Venator, but by others as a marked subspecies of the widely- 
ranging common pheasant, P. cptc/iieus (discussion in ftemch, 
193 jtf, p. 28). 

Numerous examples are to be found of Raticfi/ii'fist whose 
extreme subspecies arc so distinct that they wOiUld tighdy be 
dassified as separate species if dtc intergrading coiuiccdng types 
were not known. The char provide a case of this (p. 177). Among 
the muncrous further examples dted by Ucnsch (19330) vire may 
mention the beede, Cartiht4s monHis. Here the different subspecies, 
in addidon to large dUfe retires in sbec, shape, colour, omamcn- 
cadon, etc., arc characterized by differences in copulatory organs, 
which should prevent interbreeding. Some examples are known 
when m^adon has brought extreme subspecies of a Rfusmtereis 
together and they prove not to interbreed. These are dted On 
pp. 243 seq. 

A borderline case from plants is that of the bugles, A/uga 
(hamaepitys and A. c/tia (Ttirrill, 1934}. Here, cultivadon ecotypes 
seem to have been selected out and 10 have spread witli agri¬ 
culture to the N.W., until the extreme types have become 
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r3<lically diScrent from the original Near-Eastern polymorphic 
forms (p. 267). 

The divergence of the rnarine fish fatina on either side of 
Central America since the last mrion of the North and South 
American ContmentSp probably in the early Miocene, provides 
eicamples of a larger degree of divergence. In this case (Regan, 
1906-8) the feh are hardly ever identical on the two coasts. 
Usually a given form is rcpreseiiijed by a pair of species, one 
from cither side, but sometimes the difietences are so slight that 
the two forms can only be accorded subspecific lank^ It is of 
considerable interest that although all tbc forms have been 
separated for the same length of dme, the degree of visible 
divergence varies considerably from one species^pair to another. 

The independent development of certain elements of the fauna 
in large isolated lakes such as Baikal (see, e.g,» Korotneff, 1905-1^) 
and Tanganyika (see Yonge, 193 Wordungtom 1937) p^^’ridcs 
examples of another kind of dififerentiation, in which certam 
groups branch out into many types which have not evolved 
elsewhere (pp* 49^}- hi sutii cases geographical isolation, 
notably when combined with reduced selective pressure from 
predators or competitors, opens die door to further difierentiation 
of the original type by means of ecologicaf especially ecobiotic, 
divergence. 

Dilfcrciit major groups, and different minor groups widiin 
ihem, show differences in their proneness to diverge geographic¬ 
ally; doubtless due to differences in their moths of life and their 
environments; but it is dear chat geographical divcrgpKC is a 
general evolutionary phenomenon- 
In wide-ranging species, different geographical raos, or sub¬ 
species as they are now generally called, may occur over a large 
land-mass, intergrading genetic^ at the margins of their areas. 
Where there are definite barriers^ such as mountain ranges or 
deserts, the intergradation may be absent, just as it often is with 
island forms. All stages in the rcstriciion of gcne-fiow between 
adjacent groups may of course be observed. 

Tbc house-wrens of South America^ studied by 

Chapman and Griscom (1924), provide a gpod example. Note- 
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wortby in many subspecies of dik group b tbe wide degree of 
individual vamtion found- Distinctions between subspecies may 
be based simply on altctatiotis m tbe means of sucb varying 
characters. Thus the subspecies often overlap in regard to their 
characters and are deftnablc only on the basis of long series^ Steep 
charactcr-gradtctits (getioclincs; p. 25^) occur in the mi .ted rones 
along the borders of coitdguous subspcdfic ranges* 

Numerous eases of subspeciation in birds have been analysed 
with great thoroughness* We refer bter to A- H. Miller^s work on 
shrikes (p, 23<S). Here we may mention that of Swartb (1920) 
and of Linsdolc (1928) on the fox sparrow (Pfl^serelJa i 7 fffru)i 
Licsdalc studied the skeletal characters and found that these 
show just as much voiiaciou (often in the form of geographicsJ 
character-gradicDts or chnes; see p. 206J as do the plumage and 
the gieneral size. Some of thesCp c.g. those fubserving flight, appear 
to be adaptive; in every ease the Sedentary or relatively sedentary 
subspecies have smaller bones in the wings and pectoral girdle 
than do those with long niigrarion routes* Linsdale could not 
assign any adaptive significance co the considerable differences 
in skull and bill, though these may be ‘^correlated characters^* 
(p. 20<S)* No part of the skeleton w^as exempt from gcograpHcal 
variatioii, and there was a considerable though not complete 
correlation between the geographical variation of skeletal and 
of plumage characters. 

In all these cases, the subspecies aie relatively constant over 
large oreos^ and rhe subspedfic areas are separated by relatively 
Enarrow mtergrading zones- Tbis state of affairs may be taken as 
die ideal pattern of geographical subspeciation* Frequently, hov.^- 
cver, full details are unknown, and subspedfic names are assigned 
to forms from different areas simply because rhey arc different. 
In some eases, however, we know that there is no sharp delimi¬ 
tation of subspecies by means of on intergrading zone, bui only a 
gradual delimitation; and, further, the ‘‘subspecies” itself may be 
by no means constant, but merely represents the mem of mmy 
diBcrtntiated local populations. This is so with sornc forms of 
decrmicc {Peromys^)^ os shown by Dice (1939}* although in 
other cases in the same genus the ideal condition is realized (sec 
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below)* Eventually it will be desirable to distinguish these two 
types of intiaspccific differentiadon by appropriate terminology* 
The geographical variadoti in song demonstrated by PtomptofiT 
(1930) in die chaifineh, FririgiJk cce/efcr, appears to eoneem local 
popubtiops rather than being of tme subspecific type (p. 3 *^*)- 
In other cases* excessive taxonomic zeal applied to ^sufficient 
imterial in variable species has resulted in individual varieties 
being erroneously named as subspecies^ This is well instanced by 
the spotted hyena (Cr«w/a rTt^eutd). No fewer than 19 forms of 
this have been named, mt?st of-diem originally as full speaes; 
but the detailed study of Matthews (1939a) has shown that none 
of these can be regarded as vdid^ though it is possible that two 
or three gicograpiucal subspecies may be established later if 
sufficient material is forthcoming. 

Warren (1937) draws attention to the fact that in the larg)C 
butterfly genus EretjUj different subspecies show, very different 
degrees of variability. Facts of this sort dearly merit detailed 
study in rclatiou to ccologyi selecdon, and population-size^ W'e 
need not at the moment accept Waricu^s hypothesis of an 
inherent recurrent cycle of vaiiabiUry. 

Isolation of land forms by watcr^ as occurs with groups inhabit^ 
ing islandsp often leads to greater divergenoe^ such subspecies bcirtg 
unusually distinct (as with the St Kilda wren) or having developed 
into full spedes (as with die British red grouse)* It is worth 
mentioning that among the fifty-six species and subspecies of 
mammals found in Scotland^ more than half show a degree-of 
dificrence meriting taxonomic distinction from their continental 
relatives—eight as full spedes and twenty-cwo as subspccu^ 
(Ritchie, 1930). 

The effect of complete isohrion in promoting divergence is 
especially dear in archipelagos where different islands often 
h^bour distinct forms (see p. 324), Examples of this faa occur 
on the Galapagos (see, e.g.^ Swartiit 193 ^ 934 )p ™d on the 

Hawaiian (c*g*i in the birds known as sicklebUkr Drtpofii- 

dw/ucp p. 325; Lowe, 1936* discussions in A. Gulick* 1932, and 
Mordi^o, 1937). Again, G. S. Miller {1909) points out that the 
Malayan mouse-deer (Tru^ti/tfs) exhibits only one form in the 
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whole of Sumatra and Borneo, whereas in the Rjno Linga 
Aidupclago off the dp of the Malay Pcntmtila. with i /ijotk of 
the land area and with less rather than more diversity of environ¬ 
mental condidons, seven subspecies are to be distinguished^ In a 
subsequent section (p. zgj) wc deal with similar cases w’hcre the 
barriers arc of different nature. The high degree of differentiation 
in these cases is doubtless due to the small size of tbe island 
popidadons, which promotes “drift” and non-adaptsvc diver¬ 
gence (cf. p- 200), 

An mttresdng type of geographical divergence is one ariring 
out of the feet of dimorphisin (or polymorphism). A species 
which in most of its range exists in two (or more) distinct forms, 
shows only one (o't fewer) in certain restricted areas (sec also 
p, t04). For instance, the common squirrel (Sriumr I'tiJjferis) of 
the European continent exists in rwo fonns, black and red, but 
the British subspecies, besides showing certain quantitative peculi¬ 
arities, is monomorphic, without any blacks (p. 9 **)' btresemann 
(19.25-26) refers to several analogous cases among birds. The 
American hawk AicipiteT ventralis, for instance, occurs in 
its “normal” phase over the whole of its range, in a lighter and 
reddish (phaeomelanic) phase over the whole range except for 
a lini «»^d area, and in a dark (eumclanic) phase in a limited area 
only. An even more cIcar-Hmt case is tliat of Aaipiter novac- 
hoUandiae, Here a N-S dimorpb-ratio dine in the proportions of 
dark and wliitc birds extends across Australasiat but on certain 
jdandt to chc extreme north only dark forms occur [Mayr, 
1931-40, no, 41), and only white forms in Tasmania (p. 106; 
Stresemann, 1923-6). In such cases wc must assume that the 
dark form is die original: it is accordingly interesting to find tliat 
in the snow goose Aitser coem^exais the dark form is now restricted 
to a very small area of the total range. 

The phenomena of local mclanic suhspecics of Coereba^ etc., are 
referred to elsewhere (p. 203), A further refinement of differ¬ 
ential geographical dimorphism is seen in the cases where die pro¬ 
portions ol the two types vary regularly in space (dimorph-raiio 
dines ; sec pp. 104, 161; the case of Actipiit^r no»M-hollatidi(K falls 
into this category, though tlic proportions here change abruptly). 
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The common red foxes present an interesd^ case (see Hjina, 
1935)* An Old World and a New World species ate often distin- 
guished {Vulpes vutpes and K but most modeni practice 

Fegaids them as highly diflerendated subspecies, or rather groups 
of subspecies, since Urge numbers of minor subsped^ of ordinary 
type ate recc^zabk In addition, polymorphism exists in 
almost every suhspedcs, due primarily to combinations of 
three major distinct gpne-pairs together with modifiers: the 
polymorph ratios vary geographically. One major colour- 
difierendatioQ has a geographical basis: the true silver fox 
depends on a gene found only in Canada. The black foxes of the 
Old World are slightly different in appearance, and contain a 
different gene: this, however, is also found in Alaska to the 
exclusion of the Canadian “black gene. 

Complete geographical separation may also occur for cco- 
lo^cal reasons. Thus the moth Thera juniperm feeds in the Urval 
stage entirely on jumper. Owing to the absence of jumper from 
the £nglish Midlands, the British forms of this species are restricted 
to two separate areas, one in the north, the other in the south, 
and as a result subspeciation has occurred. 

Wherever experimental analysis has been undertaken, it h« 
shown that the main differences beewren subspedes arc of genetic 
origin, and not due to environmental modification. Indeed, we 
must Uy down as a prindple (although a decision may often 
not be possible m practice) that non-gaietic differences cannot 
be accepted as a basis for subspecific distinction. 

Recent analysis on neo-mcndelian piemiscs (see especially 
Muller, 1940) has shown that complete or almost complete 
geographical isoUdon (Le. permitting no or negligible exchange 
of genes wiih other groups) must be expected to lead, widi the 
lapse of time, both to morphological divergence and. usually 
later, to physiological (genetic) diKontinuity, This depends on 
the fact that evolution proceeds by the incorporation of numerous 
small mutational steps, and that each mutational step demai^ 
buffering and adjustment through "intenul adapution , by 
means of modifiers (p. 6?)- The improbabtliry that sinrh 
mutations will be identical in two isolated groups, even when 
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cnvironmcatal cotulirions are dniiJar, is immcasc; and whm the 
two forms ate subjected to di&rcat conditions, the divcrgciwe 
from identity will be more rapid and more obvious. Similarly, 
the internal adaptations of the germ-plasm will not be identical, 
ind disharmonies will arise leading to partial and cveuruaUy to 
total reproductive disharmony between the two groups, either 
byway of reduced mating, reduced fertility of Pi or Fi, or 
reduced viabiliiy of'Fl or later gciu'rations (p. 3O0). 

It b worth while recalling that under condidons of artificial 
selection, isolation may frequently kad to divergence. Darwin 
(1G68) gives several cjtamplcs of this phenomenon in Chapter 20 
of his Variatim of Artimab and Plmtf under DomsHkation. The 
most striking concerns two docks of sheep, both bred from 
Sakewcll’s pure stfKk; after lulf a century, they had “the 
appearance of being quite dbtinct vaiiedcs". In, such eases, a form 
of SewaH Wright clkct (p. jS) may operate, as well as uncon¬ 
scious selection; but the effect of isolation is beyond question. 
(See also D. 5 . Jordan, 1509, pp. 75 M:q.) 

Aiuly^ also shows that mere separatioR in space of two parts 
of a popiikti™^ even when biologically continuous* with free or 
otjy slightly reduced gene-flow between therUt will lead to 
rriotphoiogical difierentiation when the environmental conditions 
arc suffidently disdnet in the two areas, %inoc here divergent 
selection will operate* The fact of relatively free gcuc-flow, 
however, halts the process at the stage of partial biological dis¬ 
continuity, resulting in intergrading subspecies (p. aog)* 

Sutuner (193^). following up the notable taxonomk study of 
Osgood (1909), has made a detailed analysis of subspeciation in 
PcTOmyscus. Perhaps the most striking case concerrts tlirec sulv 
species of P, p^flbnctus in Florida. P, p. p0lwnoius is dark in colour 
and inhabits the interior, where the sod also is dark. P, p. IctKo- 
cepbalus is extremely pale, and inhabics ati island reef ot pure 
white quartz sand; and P, p. dbifrens is somewhat pale, although 
inhabiting beaches of same white sand, but on die tnainland. 

Hca‘ we undoubtedly have an cxaniple of die value of isolation 
hi counicracting die effecE of iiiigratiou and in jxrnnitting selec¬ 
tion 10 act unchcekoL In general Simmer finds it necessary to 
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assume some selective intefpjrctadon of the colour of these sub¬ 
species, on the basis of its protective (cryptic) valuL\ altliough lie 
is careftJ’to point quc that sekedon cannot be very intense^ since 
adaptive coloradbu is not always present m other .subspecies of 
the genuSp tlic coloration often being apparently coraHated with 
other advantages which may outweigh that of cryptic resem¬ 
blance, It may also be. of course, that certain grtnip have not 
been long enough in dieir present habitats to permit the requisite 
mutaduns to appear: with a low mutation-rate, mere chance 
might make a great difference in the dme needed to tlirow up 
the required miitarions.* On this hyjwthesisp sekedon of low 
intensity is acting on all iuhabitants of the white sand: but on the 
mainland its effects are partly counterbalanced by intermixture 
with die dark inland race. 

Then: is Utde doubt that this U part of die truth. On die other 
hand, sudsdeal investigadon reveals that the mainland foniis, 
coastal and inland, not only intergrade but dial they both show 
a gradient of colour^hangc. This is moderate as the coast is kfc 
for the interior. Then, about forty miles inland, follows a narrow 
strip a few miles wide where the gradient is very steep, and finally 
a region where the gradient is very gradual indeed. The zone of 
rapid change must be regarded as the boundary between the 
two subspecies; intcrcsringlyp it docs mt ocair at the same 
place as docs a geological change involving a darkening of 
soil-colour. 

To account for tlicsc and similar facts in other races. Sumner 
mmties that each race has a main area, and is subject to large 
periodic fluctuations in abundance, such as Elton has shown to 
t3ccur in most small iiiammals. In periods of over-populatiimp 
migration will be initiated (Elton. i9Jo). and will presumably 

* A case LKiriiig on Uus point k that of the tcJCil pi3[HibEn>tt of JmtwiiiiiLc 
(Afuj Dll a ^imll sandy libud in JtcIjjkI, u^ticJlcd hy (1H9S}. 

The average colaTatiori of the populaiino wm ccMwidcTaliJy Ji|^itcr ihari nursnal. 
but wMi great vaciibLiiEy ; iht paler Miiifuls* cohxir inAtchc 4 the saiidy back- 
grounct PrcfliCDr-prc^siirc was inciciuc owing lo the lark fi>f cuv^r. tTom a 
L artful ^Lidy of mapa Jaincwi ctiiinatcd that iJie uland cuuki imt Itav^ been 
uobted f.>r iTK^rcthan lootu year?. Mtincndiagt'h (tyiy) mtotionei thar the 
introduced goldfinch (CJinhH'/rl ■^oT^r/ir} in dw Ik^nnuda? HOW llicnts sub- 
ijKffK rank, aitd rhat ilic inimduced jrarling {Xmrwtf in Ckiloiiy 

lui? ahrady lust ttui inigraiiiay liabii^ iluiui^h tliii may be imly a inudilkatH ui 
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be most intense in difccrions away Trom the main centre of the 
population, or as Snnuicr puts it, in the direction of a fallitig 
gradient of popuUdon-pressure, Two contiguous subspecies will 
thus be pressing against each other hhe two mflated rubber bag;s, 
and the boundary between the two will shift according to the 
relative degree of population-pressure. Just at the boundary, 
migration will be pr^ucing intercrossing. Owing to the principle 
of harmoniously-stabilized gene-complexes, the zones of inter¬ 
crossing will remain narrow even when their location is slufted 
(p. 309). It is thus quite possible that a subspecies which originally 
differentiated in relation to some pardcukr area will spread over 
a much larger area. Thus the type of adaptation which we aaualiy 
find, namely, a rough general cortespondence between adaptive 
characters and habitat but with numerous exceptions of detail, 
is to be expected. 

It is worth pointing out that such zones of rapid change with 
intermixture have been found in numerous other eases where sub- 
specific distribution has been thoroughly investigated—e.g. with 
numerous types of birds in Lower California (Grinnell, 192S), as 
well as the wrens and sparrows already mentioned (p. 182). 

In general Sumner^s hypothesis seems to fie many of the facts 
very well. As further consequence, it may turn out that certain 
subspecies occupying a large and diversified area represent the 
sum of a number of origin^y separate races which have united 
by migration: if so, in some cases subspecies may be of poly- 
phy] cue origin, ^regards their evolution within the species (p. 291), 

Thus it seems dear that some characteristics of the subsped^ 
of Ptrmfsem, such as coloration b some form, must be directly 
adaptive (see Dkc and Blossoiyi, 1937), Others, however, such 
as absolute and celative tail-length, have no obvious adaptive 
value. They may be accidental by-products of isolation; or they 
may be correlated with less obvious but deeper-seated physio¬ 
logical adaptations. Yocom and Huestis, for instance (1928), 
have shown that a coastal and a desert subspecies ofP. ntamadatus 
differ m important duractexs of their thyroids, the coastal 
variety havmg less active glacids with greacer accumulations of 
secredon. These differences in glandular make-up are quite 
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possibly the direct cause of the differences in colour, which would 
then be non-adaptivc "correlated characters”. Sumner {op. cit., 
p. 98) states that later work shows it to be “just as easy to distin¬ 
guish these two subspecies by the thyroids as by the pelages". 
He also finds that certain subspecies arc distinguished by constant 
difierenccs in general activity. Grituicll (19^8), on the basis of 
great experience, believes that the difierentiarion of subspcdcs 
(in birds) is basitally adaptive. 

[n some cases the subspecies arc polymorphic, c.g. in P. nianf- 
culaiHS biofidust buff, grey, and all intermediate types are found 
(see Dice, T933fi)- Here all the colours cannot well be adaptive, 
but some selective balance must be operative (p. 97). 

However, the principle of the correlation of visible and appar¬ 
ently non-adaptive characters with deep-seated adaptive properties 
is undoubtedly vvidicsprcad. Dewar and Fuul (19^. p- iS?) 
a ease from domestic pigs and sheep in America. The light- 
coloured breeds are poisoned by various plants, while the dark 
breeds arc immune, Black pigs, for instance, are not injured by 
eating die paint-root Lachtantkes. 

A classical case is that of the nibritttrfis mutant of the evening 
primrose Oenothera lamar(kiatia. This, as its name itnplies, is 
distinguished by die red colour of the veins on its leaves and 
elsewhere. But it also shows accelerated pollen-tube growth and 
increased resistance to cold. 

Haldane (1932*1,1932c) draws attention to other eases in which 
gcnctical experiment has proved the dependence of two or more 
very distinct phenotypic diaiacters on a single gene. Thus in 
stocks (Matthhld incana) hairiness depends not only on two special 
genes for hairiness, but also on a gene for colour in the flowers 
{Saunders, ip 2 o). Thus selection for hairiness would, in certain 
heterozygous populations, automatically clinunate white-flowered 
plants. A still simpler case is that of the gene increasing the size 
of the central “eye” in the flowers of Primula sinensis: this also 
reduces the stylc-lcngdi in genetically long-styled plants, pro¬ 
ducing a hoiiiostylc in place of a **pin’' flower. Tfius the normal 
arrangement for bringing about cross-fertilization ran only 
operate in small-eyed flowers. Again, many genes in Drosophila 
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produce multiple effects, e.g. on bristles and wings. We have 
already nicnrioued (p. 8 o) the effect of the white scries of cye^ 
colour alleles on certain internal organs. Haldane also recalls the 
fact that apparently irrelevant genes may restore physiological 
^alanr/- and viability. We have given examples of this in 
Chap. J (pp, scq.). A further probable case is the increased 
viability of “arc^-winged mutants when an axillary spot Is added. 
Sometimes the correlated characters are merely modifications, 
which appear only in certain environments. The best example 
of this is the fii^c fowl (p. ii 8 ), in which die thyroid is 
enlarged as well as the feathers altered. Investigation shows, 
however, that the thyroid effect only occurs in cool cUmates, and 
is a reaction to the excessive heat-loss caused by the inadequate 
feathering, which is the only direct gcncdc eHect. (See also p. 533)- 

Whenever a gcnctically-dctcnnincd dine or character-gradient 
(p. 206) exists in visible characters, even if these arc apparently 
non-adapdve. and is correlated with a gradienr in the environ¬ 
ment, we arc justified in assuming a further correlation between 
the visible dimeters and adaptive physiological properties. In 
all such ra srs j the omw of proof is on those who would deny the 
direct or indirect adaptiveness of the graded characters. 

It is interesting to note that Sumner began Ins laborious investi¬ 
gations with a bias in favour of the subspcdfic characters of decr- 
mice being due to the hereditary fixation of die direct cf&cts of 
the environment, and agiainst the view that they were determined 
by mendchan genes. In the course of time, however, the facts 
induced him to abandon this position, and he now believes that 
natural selection has been an important agency in establishing 
subspcdfic differences, and that most subspecific characters arc 
not only “genetically determined^ but mendelian.* 

The long-tailed field-mouse, Apademus, fills the same eco¬ 
logical niche in the old world that Perfwjysiits does in the new. 
Though it belongs to the murine section of the mouse family, 
as opposed to the cricctiiie, it is very similar to Peromysaa in 

* %a rticiLiitJy 191T, It wm po»ibk for diftingushcii omiEhologiils t? 
expres the view iliat nia$t $Qbspcciljc dursetm in binli vfCK iriftc eriivironmL'ntil 

modifkatictfii (EjDwc ukI Mickwordi-Pned, 1921}. To-diy all would agree that 
die gnat nujority arc genetically detcmiuKd. 
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appcarancCf and ako shows marked geographic variatiorL 
Hinton tells me that he believes this genus would show a very 
siniilar correlation of t^pe of geographic variation with climate 
and soil, but the derailed analysis has not yet been made. 

In general^ it appears that some at least of the disdnccions 
between subspecies are adaptive^ but^ when not obviously cryptic, 
in rcladon to local backgroumi, arc osuaUy of a general nature, 
in some rclanon to climate. Such a relation may be direct, as in 
coses of differing temperature-resistance, or indirect, as in the 
greater prevalence of migratory habit in bird subspecies from 
higher latitudes. Coldschnxidt, in an exhaustive series of studies 
(summary and references in Goldschmidtp 1934)^ has shown that 
trivial and apparently useless differences between geographical 
races of die gif^-moih Lymantrid di^ar arc accompanied by 
physiological and reproductive diJfcrenoes of great significance 
>n relation to climatic conditions (p. 43^^)- 

Timofoeff-RcKovsky {1935) has shown that the widespread 
population of DwwpkiVd fia^bris in Europe^ though showing no 
visible subspecies, is geographically diifcTeiitiaced in regard to 
temperature-resistance* The adaptation is a debcatc one. Thus 
the Western European strains arc especially susceptible, the 
Russian and Siberian ones especially resistant, to the cxtrcincs both 
of heat and of cold» while those from the Mediterranean are 
resistant to heat but susceptible to cold. 

A curious ease is rhac of the chat Oemnthe iugens* in tgypt 
both sexes are alike, with conspicuous coloration; but in the 
Algerian subspecies, though the males are very similar, the 
females are of a sandy colour* Here there seems to be a local 
protective adaptation of the female only. This ease from birds h 
paralleled by various butterflies* notably the swallow-tail Pdpilio 
dardmus. In the subspecies inhabiting Madagascar, both sexes 
are alike, resembling the male of die other subspecies* In those 
from the African mainland, however, the females are nearly 
always mimetic, oiften polymocphically so (p. 123)^ except in a 
few special areas (Eltringham, 1910). It would appear chat where 
the struggle for existence is more intense, the female, with her 
greater biological value^ is often protected before the male (as 
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undoubtedly occun in birds: HusJey, ipjSf), althougli it 

would also appear likely that selection k acting to keep the male 
inuromn, so that any sdmubdve or recognitioEial ftnjctioo 
exerted by his coloradon in regard to imting may be preserved* 
unimpaired by any break-up into several forms of difTeroit 
appearance^ 

The view chat subspeebtion is in any large measure adaptive 
is not universally held. Only recendy D. M. S. Watson (Watson 
and others, 193^) wrote, is probable that the difiercnccs 
between geographical races (which have only a statistical meaning) 
have no adaptive significanc-C," a statcinent which is only a little 
less sweeping than his earlier one : do not know of a single 

case in whL^ it has been shown that the differences which 
separate two races of a mammalian specks from one another 
have the slightest adaptive significance.” Quite apart from the 
statement concerning the merely statistical nature of the dis¬ 
tinction between subspcdcs* which is by no means always or 
even usually true* this dictum would not correspond with the 
consensus of biological opinion (see, for instance, GiinncU, 1923}. 
It is unlikely that mammals and birds would differ in this rcspcjct, 
and apart from the mammahan case of Pmmysens, wc have that 
of the crested larks (Ga/eridfl) and other birds of scmi-dcserc 
country in which Mcinertzhagtn {1921) has shown a strong 
correlation, undoubtedly protective* between colour of plumage 
and colour of soil. Moreau {1930) fmds similar phenomena in 
some Egyptian bird subspecies. Again* in the African buffaloes, 
the gradual reduction of body-size and of relative hom-sizc 
shown by C. Christy (1929) to occur widr increased density of 
forest b dearly a<bptivCk It k noteworthy in this case chat skull- 
size is litdc affected: the difficulty of moving rapidly through 
dense forest would depend much more on body- and hom-size 
than on thb. 

In the African squirrel Helhseinfus gambiamtSf Ingoldby (1927) 
has sho\A.n a marked correbdon between dimatic conditions and 
visible characters, the forest forms being saturated in colour and 
large r» die savannah forms pale and smaller, and with all gtack- 
tiom bctwcoLThc adaptive nature of dicsc particular characters 
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is aoc appafcnti bui the close coitekdon of cnvirormicntaJ and 
character gradicats makes h impossible to believe dial tbc 
characters arc the result of chance: they are prcsuimbly^ wKcri 
not mere modifications, correlated with tion-apparcut adapucious 
(pp. 63,206}. 

In this case^ by the way, Ingoldby maintains that many forms 
do not have definite geographical arcas^ bur recur sporadically os 
the cUniatic conditicins diccatc. This would be contrary to our 
experience in eases like that of Pert>jtiystKs which have been very 
thorouglily worked ouc^ and it is likely that in the squirrels* in 
addition to these more obvious characters of pigmentation and 
size* others will be detected which will enable a truly geographical 
(as well as an ecological climatic) distribution to be worked out. 
The squirrels of the genus Caiiosdurus of Lower Bumta (Thomas 
andWroughton* 1916}* which also show great colour-variaciotiT 
do conform to such a scheme, certain species being sharply separ^ 
ated by the Chindwin River, Cariously enough, differentiation 
has been much more active on tbc cast than on the west bank of 
the river; the ditferentiation* however^ appears to take the fortn 
of a number of clincs instead of well-defined subspecies (p, a 19). 

The increase in wing-length of open-country subspecies when 
contrasted wdth forot forms of the same species* as found by 
G. L. Bates (193 r) in West African birds* is a clear case of adaptive 
diffcretice. Similar adaptive diflerenccs in wings and tail have 
been found in the subspecies of fox-sparrows and shrikes by 
Linsdale (192I}) and A, H. Miller (1931) tespectively (pp, iSa* 236), 

Bates also found various eases of dines or character-gradients 
correlated with environmental gradients. We shaU pvc further 
examples of such character-gradients later (p. ao6)* As already 
pointed out, these, in so far as they are genetic, must be cither 
directly adaptive or correlated with some internal physiological 
adaptation. 

Undoubtedly genetic accident plays a part in determining the 
characters of sulKpcdcs; but its role will be most important in 
small and entirely isobted groups, whereas with groups showing 
continuous distribution over larger areas it will tend to be over- 
sliadowtd by the influence of selecdoiL We Rfer elsewhere to 

c 
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some examples of the Sc wall Wright clTect, or drift (pp, 200^ 242J. 
From the wealth of facts available, wo cite a couple more here. 
Murphy and Chapin (1929] find TWO subspecies of goldcrest 
in the Azores, one generally distributed e^tcepc 
on the island of San Miguch where alone the second form exists. 
Using elaborate generic analysis, Dobzhansky (i939fl} finds tliat 
Drosophila psendoohscura has smaller effective breeding popu¬ 
lations in die north of its range than m Mexico and Guatemala, 
and tliar this has led to • the northern populations showing reduced 
generic heterogeneity (see pp. 60, 371-2). 

We often know the approximate date at which boladon of an 
island has occurred, and can see that broadly speaking, though 
widi a considerable amount of variarion (pp* 200+ 324; and below), 
the degree of divergence is proportional to the rime diac has 
since elapsed, as well as to the cffecrivcncss of the isolation. It is 
thus a perfectly legitimate deduction that geographical variation 
of the type we have been considering provides us with a cfoss- 
sccrion of a temporal process and that isolarional divergence has 
been constantly operative throughout evolution, as an agency 
promoting minor systematic diversity. Moreau (1930) on the 
basis of the known facts concerning post-gbdal changes in 
geology and climate, has discussed the age of various Egyptian 
subspecies of birds. He finds tl^at several cannot be older tlian 
10,000 years, while one or two must have an age of only 5^000 
years or slightly less* He is inclined to put 5,000 years as the 
normal minimum rime for distinct subspeebrion, on the ground 
tliac lower Mesopotamia, where the land has only oomc into 
cxistetice during the last 5,000 years or so, shows no endemic 
passerine subspecies, and very few others. Approximately similar 
periods would hold for the subspecies of birds and mammak 
found on islands off Scotland, which can only have becti colonized 
in post-glacial rimes; the same applies to the diffeamdated races 
of frogs (p. 235). However^ goldfinches {Cafdueth canhs^tis) 
introduced, apparcjitly recently^ into Bermuda arc now appreci¬ 
ably darker (Kennedy. 1913). and die facts concerning rats and 
mice (pp. iStti* 257) show that 'sub^pcdfic differentiation may 
sometimes occur much more quickly. 
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In parricukr. the Faeroe houstvHiOusc, Mus musoilus faeroeniis, 
which was incroduced into the blands not much more than 2jo 
year* ago, is now so distinct that certain modem authorities have 
assigned fidl specific status to it (see Evans and Vcvers, 1938). 

Rabbits have been isolated on Skokholm island (S. Wales) 
for about six centuries. They now average izo g. below main¬ 
land weight, and arc blacker above. This is moderately rapid 
differentiadon, though the result docs not yet merit subspcdfic 
naming (Lockley, 1940). 

Temperature must influence the rate of differentiation to a 
certain extent. Thus Hubbs (19406) finds that the subspedation 
and spcciadoQ of fish populations isolated by the dcsiocadon of 
the American desert h more rapid in warm springs than in pools 
at normal temperature. 

Accidental “drift" in small populations may, of course, rapidly 
bring about slight differendatioti. Thus a colony of the heath 
fridllary butterfly {MeJitaea atkalta) deliberately introduced into 
Essex within the present century, is already noticeably s malle r 
and darker than the Kent strain, from which it was derived 
(Stovin, 1937)- Harrison (ipaou) showed that in the moth Oporatw 
ouatmnaia two local populations inhabiting ecologically distinct 
woodlands, beotne quite distinct in size, colour, and certain 
physiological characters in a very short period of years. Salom on- 
sen (193S) gives evidence to show that the white-headed form 
of the barber Lybius terquaius, which is localized to the east and 
south of Lake Nyasa, has spread westwards in the last forty 
years. This form (originally described as L. zombae) appears to 
have originated by at least two mutadonal steps, as piuk-headed 
types, intermediate in various degree, arc also found. At Somba 
in the cightecn-ninedes about half the populadon still had light 
red heads, though no dark-red birds were present. In 1933, 
however, no Ught teds occurred, and, apart from an occasional 
hght pink, all the birds were white, Saloracaisen considers this 
as evidence of the transfortmtion of a whole population by the 
spread of mutant genes, though MeUe (1938, p. 68) thinks it 
represents the shifting of a zone of hybridization between two 
well-marked subspedcs as a result of population-pressure. 
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An extremely iniecesting point is brought out by Swarth 
(19^0^ p- 106, map), conreming the migratory habits of the 
fox-sparrow, Passmlk The rifufesrhrnru group of suh- 

species breeds along the north-west coast of North America. 
Five wcil-imrked subspecies succeed each other as we pass north¬ 
wards along the coasL The southernmost (R t. fulight&sd] is to 
all intents and purposes a resident. The others arc migratory, 
but in their migradom play leap-frog over the intcrycning forms. 
Thus No. 2, reckoning in breeding range from south to norths 
winters just south of No. i (fultginosa). No. 3 breeds north of 
No. z, but winters to the south of No. z\ winter ranges and 
Nos. 4* Si and 6, whose breeding ranges succeed each other to 
the north-west of No. 3*s, winter together in the extreme south 
of the winter range of the groups 

The obvious explanation is that the resident subspecies persisted 
in its present range throughout the last glacial period. As the ioe 
receded. No. 2 invaded new breeding tjcr^ito^J^ but was forced 
to winter south of the already occupied range of No. i : Nos. 

and 6 repeated the proccssp but the last three were crowded 
together into a single winter area close to the southern limit to 
which the species is adapted. If so^ the diifcrennation of the 
uorthemmost subspecies must have been effected during the last 
lOpOOO years or less. 

In numerous instances, forms meriting classification as species 
arc found geographically isolated from their nearest relatives k and 
must be presumed to have owed their origin to an extension of 
the divergence that leads to subspedarion. Naturally, they w^iil 
tend to occur more often where the isolation is more diorough. 
We have mentioned the red grouse of Britain, Lagopus uotims^ 
whose nearest relative is the willow grciusc of Scandinavia, JL 
it should be recalled that one of the most important 
spc^c distinctions in diis case is adaptive, namely the willow 
grousers winter change of plumage to whitc^ and the absence of 
this feature in the less extreme climate of Britain. The ptarmigan 
{Leg^pus mtiUn), which is a bird of higher latitudes and altitudes^ 
becomes white in winter in both regions. 

Another ose is that of the snail, TrunmieUiiia bniminkny closely 
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allied to and doybdcss derived from the continental T. riifkrmm. 
Excellent examples from pUnts are found in the European 
Gcmeriaccac, notably in the genus Rmi>ndi 4 —e.g, Jl. serbica 
from Serbia and neighbouring areas, R. heUreickii from Thessaly, 
and R, pyrertaka from the Pyrenees. These would thus constitute 
an Artcfiyeis (p. 179}. Numerous other plant cases may be found 
in books such as Willises Agf and Area (1922} or in phytogeo- 
graphical works such as Tiimll''s Pimt Life of the Balkan Peninsula 
(1929)^ In some cases the geographical variation appears adaptive, 
but in others, as for instance the marked fruit variadan in Clypeala 
jonihla^t, no adaptive interpretation can be given (Tunill, m 
Watson and others, 1936}. 

We must* however, mention the view of Goldschmidt {1932, 
I93ii 1940) the formation of geographical subspecies and 
that of true species arc wholly distinct pnxesscs. The former, 
according to him, involves only quandtadve modifications of a 
basic genetic pattern, while the latter involves the formation of a 
new inhetent pattern. This production of a new type of equi¬ 
librium, he is indined to think, is achieved abruptly. Wink this 
may apply in some cases (though there is no direct evidence for 
it as yet] it would appear impossible to deny that the divergence 
which produces subspecies docs in fact often lead on to the pro- 
duedon of species^ more especially since the disdnedon between 
subspecies and species is not {and indeed cannot be) a sharp or 
universally agreed one (see p. 456). 

A rather different type of geographical subspecies may occur 
in rare species. Rare spedcs will not normally be spread more dr 
less continuously over a wide area, but will often exist in pockets 
here and there* whedier because they have not been able to 
spread or because they are in process of being ousted by other 
species. In such cases ^ere will already be considerable isoladon 
of groups. Thus any selective agendes can work without being 
counteracted^ further, even new notiHidaptive mutations and 
recombinadons can establish themselves much more readily in 
a small group (Wright 1931* 1932, 1940). Indeed, in certain 
cases* the course of evolution may possibly be determined by mu¬ 
tation-pressure (Wright, 1940). We may distinguish these as ifocdJf 
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subspecies from the areal or resi^al suhspedes of abundant 
species, and it may be expected iliat they will owe tlicir diver¬ 
gence more to chance recombination: and less to selection; their 
distinctions will tend to be trivial and useless rather than adaptive. 
Bateson (1913) gives numerous examples of both types. 

We have alicady mentioned die cose of the fern, Nephrodiunt 
spinuL-i^m (p, 33)i A slightly different example, since die range 
covered is greater, is afforded by the rare modi, Rltyada atpkofa. 
This occurs only in small ncstxicEed areas, in each of which 
considerable differentiation has occurred* One subspecies exists 
in Lapland^ another in Ireland and Scotlandt a third in the 
Slicdands, and a fourth in the Carpathians, 

Some of the local groups of the genus (service-trees, 

etc,) seem to be local subspecies in diis sense (Wilmott, 1934)- 
One well-marked form, for instance^ occurs only in die Avon 
Gorge* another in the Wye Valley^ another only near Minehcadi 
and so on. 

An interesting ease of local variation^ presumably mutativCp is 
given by Salaman (Watson and others, 1936), The wild potato^ 
like plant, So/ohmui demissum, in one part of its range is genetically 
resistant to common blight [PhytaphtJwra mfestans)^ but is sus¬ 
ceptible in another area. The resistant strain occurs in a region 
where blight Is not found, so that we have here on example of 
potemiai pre-adaptation (pp^ 430 seq.). 

The jimson-wced, Doti^r^ sfrdmDrtiw/fli* shows geographical 
differendadofi in regard to its chromosomal structure, various 
“prime types^" produced by segmental interchange {p- 90) having 
a wcLbdehncd distriburion (Blateslcc, Bergner and Avery* 1937}^ 
k ii possible that they may all oH^naUy have shown geographical 
ct placement, but the fact that the species is a readily-distributed 
weed has confused the distribution; in any casc^ some regions 
now contain wo or morcchroniosomal races (p. 329)* 

Some abundant species show highly localized varieties which 
may also be called local subspecies—for instance the common 
thyme. Thymus serpyllam, and the sca-cainpion, ’iSiCw maritima. 
The reason for such locali^ed dUferentbtion in these cases is 
obscure, as is the reasou for the local existence of obvious single- 
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gene mutantSp such as whicc-Aiswcrcd plancsp in patches or in 
isolated valleys. 

Among birds where a prestimod large mutation has become 
diagnostic of a taxonomic form is JJ. brutmeimichm^ a wide- 
ranging species of sedentary habits (Chapman, igaj). B. ifwr- 
nattis diScTS only in its sligiidy smaller sizc^ and in die ab^nce 
of the black breast-band dbaraoedsde of the former. Iis habits 
and ecological prefererKes appear to be die same* It exists in 
a rather isolated valley in the centre of the range of B. timhbcim^ 
£hns and there replaces its relative. There can be little doubt that 
it represents a geographical form (probably a subspccicSi not a 
speciesj however) of which die chief characterishc is the presum¬ 
ably abmpe (mutational) loss of the breast-band. In B* assimilis 
sporadic individuals of one wcU-marked subspecies show 
diaraocrs diagnostic of other subspecies or species: sec also 
chapman (1927), In the Papuo-Mclancsbn bitd P&rmtt^kreis 
Latage aur^a (Mayr and liipleyp 194!^ Amcr. Mm. Novit, 
no, iti 6 ) barred plumage of underparts lias been indepcndctidy 
lost at least five times, and independent mutadon seems to have 
occurred in other clear-cut characters such as eyestripe. 

The buttercup Admtitndus aiieghtnieiisis appears to have 
diSerendated in a way cssentbUy similar to Sudrremon momains 
(Gates^ f^ince it is found abundandy in a comparatively 

small area within the range of the widely-dhtributed if. ntprnVitj, 
which it diiCTC replaces and from which it differs by a few minor 
characters and one strikingp probably mutational disdnedon in 
the shape of its achenes. 

In passings a curious ease of geographical diflercncc in Dr<>- 
sopkila may be mendoned, Timofi 5 cfF-Rc$sovsky (^932^) finds 
that the wild-type alleles of the white-eye series in European and 
American D, melartogaster arc not idendcal. The American allele 
mutates nearly double as often with the same doK of X-rays, 
and gives a higher proportion of full white genes among its 
muradons. Here we have a geographical diflcrencc in iiitriiisic 
capacity to vary. 

The pront given by Wright, dial rion-adaptive diHervndadoii 
will occur In small populadons owing to or the chance 
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fixatioa of some new niotation or rccombimrion, b one of tlic 
most important resukt of matlicniatica] aitaiysis applied to die 
facts of isco-mciidclisiik It gives accident as well as adaptation 
a place in cvoInriorL, and at one stroke explains many facts which 
pnzzlcd earlier selectionists, notably the moth greater degree of 
divergence shown by bland than mainland fonm* by foniis in 
isolated lakes than in contiimous river-systems. We liavc given 
mimerous examples of such phenomena. Turcsson (19^7) 
the tertn “seclusion types*’ for such forms in plants. Recently 
Kramer and Mertens (193817) have provided a quantitative 
demonstration of the principle, in their work on Adriatic lizards 
{Laci^rta skulti)^ Surveys were made of the li 2 ard population of 
a number of blands, and the degree of tlicir divergence from the 
iinifonn mainland type was detenuilieJ on an arbitrary scale. At 
the same tiiiie^ the depth of itvatcr her ween each isbiid and the 
mainland was noted: rhis ran be regarded as a ineasure the time 
during wluch the population has been isolated^ since the islands 
have been formed by subsidence. Further^ the area of the island 
con be vised as a measure of population-SJTc. It was found diat 
degree of divergence showed definite partial correlations, both 
directly wiili length of bolation, and mverseiy with siee of island. 
The table oppssttv\ based on Kramer and Merten’s daia, 
brings out the point. Island^ii^c is denoted on a logarithmic 
scale, subdivided in its lowest part, since the intensity of the 
Scwall Wright effect bereascs rapidly wttli deetca^g size of 
popolarion. 

o indicates identity with the mainland form, 4 tlic greatest 
divergence found. The least divergence b shown on large islaiids. 
the greatest on rather small bhmds after long separation; very 
small islands may show considerable divergence after very short 
separation (see also pp. ] 87 n ■‘■I m)^ 

In the white^^yes of the wide-ranging bird genus Zostcrops 
(sec p* 179 and Stresemann, 1931) the degree of difTetenciarion 
of blond species (or subspecies) appears to be correlated with a 
considcroble siuniber of factors—{dj directly: with (1) rfic age 
of the island. (2) the mlierent invitability of the stock; (h) in- 
vcrsely: with (3) die size of the bland, (4) the predator-pressure 
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and degiTCC of competition from related forms, (5) the degree 
of ndgradoti, 

* It should be noted that if a population is subjected to cyclical 
ductuadons of abundance, the determining factor is the size of 
the minimum effective breeding popuktiou. In extremely small 
populations, the Scwall Wright cf^ may even fix deleterious 
mutations, and so result in extinction. Various of the cases where 
protccdoo of the remnant of a once-abundant species have failed 
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to prevent further decline and eventual extinction are probably 
due to this cause. The best-documented example is the extinction 
of the subspecies of the prairie chicken known as the heath hen 
{Tympmuthus c. (upiJp), in spite of die most elaborate protective 
measures (Gross, 1928), Conservadonists should cake note of 
this. If their efforts to save a dwindling remnant of a spedes do 
not bring about a rapid increase of numbers, they arc hkcly to 
be in vaini early action is essential. 

Geographical differentiation may be carried far beyond die 
stage of broad subspecies to a high pitch of local detail. When 
small populations are completely or almost completely isolated 
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from each ochcr^ almost every such pnpylaiioii may develop 
its own distiiicuvc charactcis. This is sc». tor instance, with 
Pdjr/if/tt :xnd othiT snails of the Pacific IsbiiLls (p. with the 
tSiiiilaT lizard popukrions of the Adriaric and eke^where (p. 200). 
with certain Hiphtlcss grasslioppcrs of arid regions (Uvarov, in 
ytrlus). etc. Hnbbs (i940fr) finds 1 narked diffcRnriatioii in quite 
small popiikrions of freshwater fish (a few hundred individijal$]> 
isolated in pools as a result of tlie desiccation of die American 
desert. Diffctentiadon is then ofren apparently non-adaptivc. 
Frequently the differences, though definite, are not considered 
by experienced taxonomists to merit a subspcciEe name; e.g. 
some of the iiisukr lizards, various insular birds, such as the 
Fair Isle wren (see discussion in Huxley, 1939^^^ and in J, Fislier^ 
rgjpn) and od^rs dted by Mayr (1931-3*)^ 
cases, as in the grasshoppers just mentioned, the difl'crcndatioti 
is considerable, and the only difference from ordinary subspecies 
lies in the small size of the groups. If a general term is needed 
for such cases, fwiVrewtspcrter is perhaps preferable to that of 
proposed by DobaJtansky (1937)- Goldschmidt (1940) 
uses the rather awkward term ^^stihsith^pedcs*'. 

Microsubspecies arc preferably not to he given names subject 
10 the intematiuiial rules, since this would complicate die nomen¬ 
clature unnecessarily^ 

Even finer differentiadon may occur. Tims Diver (1939) hi 
die snail Cepaca finds that the proportions of the various types of 
colour and banding vary from colony to colony^ almost always 
in an arbitrary, non-graded way: he also gives simikt example 
from other land and freshwater molluscs. Lloyd (191^) 
Hagcdooni and Hagedoom (1917) found diat among the rats 
of India and Java respectively there occurred liighly localkcd 
groups with distinctive characters, often consisting of a few 
individuals only. Sometimes the distinctions seemed to be mono- 
factorial, sometimes to depend on several different genes; in 
some cases the g;roup disappeared after quite a short time^ In 
this case we have to do apparently with tlic effect of chance 
inbreeding on one or a few recessive genes; it is of interest* 
however, in demonstrating the high potential ot variation avail- 
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able» through which geographical difFeircnuatioji may appear in 
the event of coniplctc isoladon or of partial isolation accompanied 
by dificrcndal selecdon. 

Gilmonr and Gregor (1939) have recently proposed the term 
demc for “any specified assemblage of taxonomically closely 
rcLtcd individuals'V This should be useful to replace such 
cumbersome phrases as * 1 ocal intrabteeding populations”. The 
ultimate mtnral unit in sexualiy reprodudng spedes is then the 
deme, and analysis is needed to show to what extent demes are 
isolated from each other (sec also Biizzad-Travcrso €t 1938)^ 

In some instances, new types have been thrown up which 
spread from their oerntre of origin owing to some selective 
advantage^ thus causing local differentiation of a peetdiar type. 
When this occurs in an isolated popnladon, the new type may 
oust the old wi thin the area. This has happened with the melanic 
form of certain species of the bird in the West Indies 

(p. 94 u' Lowc^ and is in progress with the niclank type of 

the opossum Trichosurus mlpfaita in Tasimtua (p. 104)^ It may, 
howxvcrt also occur in large or contmcnid popukdonSi as with 
the simplex tooth-<haracter of Micr 0 tus isx Germany 

(p. 105). Whether the resultant gradient in proportions of Jiwjpka: 
and normai teech will reach an equilibrium^ or the simpkx 
character will infect the whole species, remains for future genera- 
dons of taxonomists to determine (p. 105). 

In general,, we may be sure that the analysb of invisible physio- 
Ic^cal chaxactecs, and the more intensive study of visible ones, 
will reveal that species are much more diversified geographically 
than is now generally recognized {for fiirdier exampies. sec 
Timofeeff-Ressovstyj L940). 

Wherever there is any apprcciablfi isolation^ not only will 
non-adaprive disdnedons accumulate, but adaptation to local 
conditions will be able to proceed to a further pitch than where 
counteracted by free gene-floWp Further^ internal (intra-group) 
dines (p. zao) will daub dess be revealed within populations of 
species which arc noE too mobile. 

Out of these minor local dilfcrences, die processes of differ- 
endadon will create the obviously distinct groups which we call 
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subspecies and spedes, and tie obvious rtgukritks of inter-group 
clines^ But those which merit taxonomic naming will form but 
a small fractioti of the total amount of geographical diversificaticHL 

Mention should here be made of the views of Willis (1922^ 
1940). Chiefly on the bans of studies of geographical distribution, 
he entirely rejects the selectionist vkw* and concludes that evolu- 
dou is a largely automadc aHair of dLflerendadon produced by 
targe mutadons, foUow'cd by spread of the new type at a more 
or less constant rare^ and by further dif&rentiadvc varlarioiis in 
due course. 

Unfortunately most of Willis' conclusions ate vidated by his 
failure to take account of modetti work* Thus he continues to 
accept Fleeming Jenkin’s criddsm of Darwin^ namely, that new 
variatiDns wiU be swamped by crossing, whereas, as R. A. Fisher 
in particular has shown (sec p. 55), this objecdon has been 
entirely obviated by the discovery that inheritance is pardciilate. 
He adopts, in exaggerated form* dc Vries" idea of large mutadons, 
and appears to be unaware of the modem concepriou of the 
adjustment of mutadons to the needs of the organism (p. 67). 
He does not refer to polyploidy as an evoludonary agency in 
higher plants. He makes a sharp disdnedon, which is quite un- 
Jusdfled on general biological grounds, between structural and 
funcdonal adaptadons. He concludes that, since localized endemic 
forms, e.g. m. islands or mountain-tops, appear to have no 
adapdve value, they must have arisen by sudden miitadoui 
whereas **drift" due to accidental recombinadons in small popu- 
ladons will ckaily account for a great many of such cases (p^ 

It seems, further, thar he has not adopted the principle of gico- 
graphical replacement as a basis for taxonomy. If this were done, 
many of his endemics would doubtless tum out to be, not new 
full species, but new subspedes produced by "drift", and it 
would be much easier to istiuguish bcmccn such products of 
recent diversification and true relicts. He pracrically ignores 
zoological facts, notably in paleontology, which contradict some 
of his general conclusions such as that gradual adapdve improve^ 
ment does not occur, that no imponant change Is to be found 
in major groups during geological time, and that the disdnedve 
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characters of moderately large taxonomic units arc not adaptive. 
He does not distinguish between cuiypksdc and stcnoplastic 
forms (p^ 51^)1 or between those wbi^ are narrowly adapted 
and those which succeed by virtue of general vigour and viabihey. 
In conclusion, he neglects all the evidence that new types may 
arise in several quite distinct ways, and maintains that there is 
only one mode of evolutionary differentiation. 

If the extensive data which he has assembled could be analysed 
in the light of modem knowledge, instead of being lumped 
together to produce a heterogeneous mass from which purely 
sutistical consequences can he drawn, it is probable chat certain 
valuable conclusions could be reached It is likely^ for imtatice, 
that his general idea of “age and area^\ or pro^essive increase 
of range with dme, would prove to hold for a number of forms, 
and to have interesting consequences. The further conclusion, 
arrived at in conjunction with Yule (Yule and Willis, 1922) 
that diiicrcnciadon is also a function of time, and that genera 
tend to split into two at more or less regular intervals, may also 
be of importance^ though, ^ examples such as or Nmailus 

demonstrate^ it is certainly not universally vahd^ 

He lias also collected a number of very interesting facts con- 
ceming die number of spcdcs in different genera of a family, 
Tlie average number of species per getitis in flowering plants 
(appaicndy without taking into account the principle of geo¬ 
graphical replacement) is 14 or ij. But dicre are in all families 
a very largic proportion of umispecidc genera^ Thus mote than 
a third of the genera of Compositae (446 out of 1143) and of 
those of Caryophyllaceae (29 out of 78) are monotypes, with 
only one species each, indicaring a very peculiar form of differen¬ 
tiation, Further, the largest genus of a family is always relatively 
enormous in the numlir of species it contains, in over 40 pec 
cent of cases (235 families) comprising half or more than half 
the total number of spedes in the family. Facts such as these 
demand the most careful consideiadon^ However, we can be 
sure that their meaning will not be eludcUted by the purely 
statistical methods used by Willis, but must wait upon the fullest 
analysis, notably ecological and cytological* 
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4. CUKES (CHABACTHR-GSADIENTS) 

The dclimkation of tianied subspecies in differenE: areas, eack 
with their own distinctive mean and range of variability in 
respect of a number of chararters, pro vides one means of pigeon¬ 
holing the data of geographical diftcrentiatioix. But, as we liave 
already seen in discussing such eases as that of Peromysetis^ this 
method does not cover a certain aspect of the facts* namely the 
frequent tendency of characters to change gradually and continue 
ously over large areas^ 

In point of fact these charactcr-^radienEs, or dines, to give 
them a convenient technical name (Huxley^ 1919^1,1939^)* appear 
to be much commoner than Is generally supposed. Indeed, on 
any general Darwinian view, we should expect to find them as 
one of the general features of organic variation. Natural selection 
will all the time be moulding life adaptively into its enviionmcnti 
and since gradients in cnvhomncntal factors are a widespread 
feature of the environmental mould, we should expect organisms 
to show corresponding adaptive gradients in their cbaraciers. 

The adaptive characters dircedy aifccted may be visible 
characters such as absolute size, or relative car-^JC in warm¬ 
blooded animals; or dicy may be invisibk, physiological features 
with no outw^ard sign in the characters usually employed in 
taxonomy (c.g., the diETercncc in tcmperaturo-rcsistance in 
difierenr regional populations of DrosDphii 4 (p. 391); or the 
temperature-preferences of the races of the beede ifcwjfd/y 

(Krumbiegei, 1932); or* as with the phototropisra of the same 
species, they may be associated with slight dilfcrenccs in cyc- 
structurc; or finally, and it appears most frequently, they may be 
physiological features reflected in non-adaptivc but uxoDomicaUy 
convenient correlates such as proportion of parts, or colour^ 

Broad environmental gradients exist in numerous general 
climatic factors, in relation primarily to latitude and altitude. 
Such graded dimadc factors include tempraturc, humidity, 
solar intensity, relative day-length, and so forth. More restricted 
gradients are found in ecological factors, in relation to the chaugc 
from one habitat to another — gradients in salinity or water- 
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content, in heigKi of vegetation, in edaphic cimdirionsH and so 
on. There is, of courscp no sharp Imc to be drawn. beEween 
geographical and ecological giradients. The gradient up a steep 
mountainside may be better styled ecological; but in many 
features it will repeat the general geographical gradient from the 
base of the mountain to higher ladtudcs. The point is that such 
gradients exist, and that they are of every sizc^ from those of 
largest scale between the equatortal and polar rcgioiis, to those 
of extremely small scale like that in dccreasuig moisture round 
a pond- 

How may we expect life to accommodate itself to these graded 
features of its environments hi the first place, their scale has an 
influence. Because of the rate of gene-flow tliroirgh a population, 
a dine cannot usually establish itself as a characEcristic of an inter¬ 
breeding group unless the group covets a considerable area. The 
only way by which dines on a generic basis may be esEablisl^rd 
over smaU distances is by having a highly variable popularioii of 
which differmt types arc adapted to different ecologi^ conditions. 
Selection will then automatically see to it chat difFerent propor¬ 
tions of the various types are found along the environmental 
gradient, even when this is quite short. Shore dines of thb type 
do exist, as we shall sec later, in certain plants, c.g,, 
maritima (p. 223), They arc not^ however, mdnrbig characters 
of the species, hut conic and go widiui its plasEic framework 
with the diangcs in ecological conditions. They will also tend to 
be repeated* con ifariaziofti^ in many localities, wliile large-scale 
climatic cHnes will be few in number, and will coiisticuie charac¬ 
ters of the species as definite and enduring as its measurements 
or its geographical range. 

With regard to 1 urge-scale dines, die biological peculiarities 
of rhe species will of course have an influence, large si^^ .mJ high 
mobility tending to make them less prominent, and vice vena 
{see p. 2 }^y 

Any continuously "graded variation will tend to be broken up 
by varioiui faeii>rs. In the first place the accidents (biologically 
speaking) of complete or almost complete geographical isolath>n 
will introdnee discontinuities. These will inicmipt 
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arid so not oiJy allow local selection to act more cllcctivcly (as 
we saw wuh tlie island subspecies of P^wnysciis fwliomfm, 
p. 186), but also pennit the Scwall Wright effect of non-adapeive 
differentiation to occur wherever tlie isolated popuJarions arc 
small. The first effect will tend to break up a continuously sloping 
cSinc into sharp steps, while the second will impose non-ad a ptivc 
features upon it, sometimes quite obscuring any underlying 
regularity. 

Biological discontinuities will also break up the continuity of 
dines. Here again, nco-mcudelbii principles have pointed the 
way to important deductions. We have shown in an earlier 
chapter how the effects of major genes arc selectively adjusted, 
individually and mutually, by means of conabinarions of modi¬ 
fiers to suit the needs of the otganisnip iioubly in giving maxiiiitiiu 
vigour and fertility. There is an internal adaptation of die gene- 
complcK as well as an external adaptation of characters. Thb 
extension of the principle of genic balance we may call the 
principle of harmoniously-stabilized genc^omplcxcs. 

Let us now consider what will happen within a continuous 
population spread over a Urge area in which niarkedly different 
ctiniatic conditions occur in different regions, but wich the 
extremes connected by environ mental gradations. Selection will 
then be operative and will icntl to adapt die population locally; 
however, this local adaptation will be inqxrded and gratlcd by 
gene-flow. But wherever some aceidctit, such as tcnipnrary or 
partial isolation, allows selection full scope, hKal adaptation will 
be intensified, and the major adaptive genes will be fortified by 
internal adaptation until a local [larnioiiiously-^tabilizcd gene-- 
complex is built up. Once this incurs, die resdtaju extra vigour 
and fertility will permit dit* bearers ol this geiie-coinphx 
to spread beyond the area to wdiieh they were originally 
adapted. 

If several such gene-complexes arise w^itliiit the area ol the 
species, they will tend to spread until they meet. As Sumner 
(1932, p. 76) has stressed, IlkjI groups must lie regarded as in a 
dynamic equilibrium based on relative populatioii^prcssurcs. He 
compares them, to a series of balloons in contact, die population- 
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pressures being here represented by the gas-pressures in the 
balloons. Groups with high population-pressure, resulting from 
successfully stabilized gene-complexes, vnii spread, and groups 
whose relative population^prcssurc is below a certain diresholti 
may actually be extinguished, their remnants being incorporated 
into and Lransformed by the more successful groups (see p. 1B7J. 

What his simile docs not explain, however, is the permanence 
of the sldn of the balloons—as represented in nature by die 
relatively sharp delimitation of subspecific groups. As we have 
seen (pp. 182 scq.), in many eases, adjacent subspecies arc separated 
by a rcbdvcly narrow tone of intcrgiadadon. What niaintaiiis 
this zone ? Why does not gene-flow' broaden it and break down 
the sharp distinction between the two subspecies ? 

On the principle we have been following out, the answer k 
simple. Crosses betweer two harmoniously-stabilized gene- 
complexes will give relatively disharmonious gc ic-combinations. 
The zone of incergradadon will constandy be renewed by inter¬ 
crossing; but it will as constandy be prevented from spreading 
by selective elimination in favour of the better internal adaptations 
on either side, even though it may shift its position (p. 249). 

This principle doubdess also explains why tlic zone of 
recombination between two markedly distinct yet inter fertile 
forms which have met after daHerentuting in isolation, in some 
eases remains so narrow, notably in the crows (p. 248). 

We here meet wirh a new type of biological discontinuity—a 
partial dwcanOVirwry, as opposed to the complete discontinuiry 
found between fuU species. Where the "biological tension" 
between different portions of a widespread species is sufficient, 
a condition of equilibrium will be reached, represented by a 
series >f distinct subspecies passing into each odicr by inter¬ 
breeding at narrow zones of intergradation.* 

This wiD be facilitated by partial environ mental discontiiuiitirs 
such as partial barriers, or uiitavourablc zones where population- 

* A coilcigtETjL pjralkl cs.ais ill thv wjy in whii^li rcl.itivrly uiiifEitin 

cniiiiitiiismvi pj« into racK oiIilt :ioo» itnrruw irilcnncdiuti^ jtnm (sec 
Hlfiirin njj?, ih. IJ. Nurli iiiEits are soancriinci “'tension tones’" (rf, 

Ill btitii 4.tiv]fuJUiH"iita| ci»iiiiijuiiy u rcfli.’«ird in parriaf nrganii' 
discudiunuiEy. 
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ilCTisity is lowcicdj it will also be fadliutcd fay diaip dungcs in 
environmental condirions, as where a mountain range rises 
^nipdy from a plain, or open country gives place suddenly to 
forest. But—and this is important—it m»y occur in the absence 
of any harriers or any abrupt alteration in the environmental 
gradient: the cause of partul discontinuity is then a purely bio¬ 
logical one, due to the nature of die gene-complex. 

So far, these deductions, however their validity be supported 
by the frequent existence of subspecies separated by narrow zones 
of intergradation, have only bc^ cxperimcntaily verified m one 
instance. Timofeff-Ressovsky studying the get^aphical 

varieties of certain lady-becdes, found that their vbibk peculiari¬ 
ties depended on several metidelian genes, and that the combma- 
tions of these actually realized in wide-ranging geographical 
groups were almost invariably more viable and more resistant 
than the recombinations not found in nature, which he produced 
by crossing. It is much to be hoped that further experimental 
a^ysis of this important point will be made in other types. 
Meanwhile Sumner s data in Ptrarnyuas pohoitaUis show that the 
population of the narrow intcrgrailiiig zone between P. p. p^Uo- 
notus and P. p, alhijirans shows a markedly higher coeffident of 
variation than cither pure subspecies (see p. iSd, and Huxley 
19391a}, a fact which is to be expected on the above thcoiy of 
harmoniously stabilized geuc-complcxcs. 

If, as it seems probable, these deductions prove valid, it wdl 
mean that subspecies, as found in nature, arc in reality of two 
distinct types. The first we may call independent, and consists 
of those which arc so fully isolated that gene-flow between them 
and other groups is wholly or virtually interrupted; the second, 
or dependent, are those we have just been discussing, which 
interbreed with their neighbours along intergrading zones. 
Independent subspecies may diflcrcntiate into full species, and, 
with sufficient time, normally will do so. Dependent subspecies 
normally will not do so, but chough they may continue to 
evolve, w'ill evolve as part of the whole interbreeding complex 
to which they belong. Thus it is not true to say that subspecies 
are necessarily ^‘species in the making'* (as was done, for 
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instance, by Rothschild and Jordan, 1903): sonic are, and some 
arc liot. 

The brcaJdng up of a continuous population into subspecies 
by the physical discontiauidcs of geographical barriers and the 
biological partial discondnuidcs of narrow intergrading zones 
will profoundly modify any clinc systems present. The continue 
ously sloping charactcf'^adiciit that simple a pn'<?r(' conddcradoiis 
might lead us to c^cpcct is convorted into a staircase or a stepped 
ramp, the separate subspecies corresponding with the treads, flat 
or gendy sloping^ and these being cither united by steep slopes 
— the zones of mtergradadon—'or, in the ease of conipletcly 
isolated subspecies, remaining unconnected. The mean or unxlal 
values for the several subspecies will often fall on a gradient. 
This may be called an external or intergroup cline: wlvcn die 
characters of a subspecies ebange slighdy or gradually across 
the area of its distriburion, giving a sloping tread in the $takcase, 
we may speak of its showing an mtemal dine. 

Inicrgroup dines are a very frequent leaturc ot geographical 
difTctenriarion, and appear usually to be correlated with corre¬ 
sponding gradients in cnviromncntal fcaiuieSi diougli Mayr 
(1940) cites some dines in tropical birds where no such corre- 
ladon can be found- A snjnmary of die chiel generalizadons 
concerning them is to be tound in Rcnsch (i 933 ^i 
an excel knt discussion in Goldschmidt The riu^st iinpor- 

taut of these liavc been called Bergmann s Rule, Allen s Rulc^ artd 
Gloger s Rule, afer their most important proponents. They lead 
to mtidi parallel variation m related species, diougli all of dicin 
arc broad correlations onlyt with a considerable nmnber of 
exceptions. 

Bcrgmaim's rule may be stated thus. W ithin a polytypic 
warm-^bloodcd species, the body^zc of a subspecies usually 
increases with decreasing mean temperature of its habitat. A 
detailed statistical study by Kerisch show'cd that in die great 
majority of cases this rule holds good for birds. For Corvidae 
and Picidac there arc hardly any exeeprions^ and in general the 
rule applies in 70 to 90 per cent of cases. The rule also applies to 
maininalSf though here the exceptions arc more numerous. It is 
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clear thai: size may be modiifictl in other ways, c.g. by selection 
in relation to type and abundance of food. Wc have already 
noted the fact ^ac the sm>gradient between forest andi opn- 
conntry forms runs in opposhe dirccrions in bnifalocs and sqiMrrels 
in Africa, The reason for the greater number of exceprions in 
mammals is doubtless to be found in various biological peculi- 
aridcs of the groups such as hibemarion, temperatYirc?-Teg:ularion 
by Tneatxs of greater or less growth of bak^ nocturnal habits use 
of burrows and den$» etc.; thus die burro wing Afkromj behaves 
contrary to Bergmann's Rule (Dale, 1^40). Rcnscli has shown 
(19396) that the correlarton in tcmpcracc regions b witli winter 
minimuni temperature. This is what would be expected, selection 
being exerted by the most rigorous conditions. It may be 
prophesied that in semi-tropieal areas the corrdatton will be with 
the maximum temperature in the hot season. 

Recent studies (Salomonsen i 9 Zh Huxley 1939^) have enabled 
a begmning to be made with a quantitative study of Bcrgmann s 
rule. Thus for three polytypic species of birds ki western Europe:^ 
a change of i per cent tu wing-length lequiroi a diiTerence of 

N, latitude in the redpolls {Cardif^lh fiammt a), of just over 
in the pufhns (frerferntid drmVd), and of onSy a litde over 0-5° m 
the wrens Other measures of ske (beak 

in pufiinSj tarsus in wrens) show approximately the same rate of 
rhan gc as the wing^ indicating that the effect is on the animal as 
a whole. The total relative change is least in the wtem (about 
12 per cent of lowest wing-length), and Highest in the pulfim 
(nearly jo per cent), but the range of the last-named is from 
Majorca to Spitsbergenp whereas the sizie-cline iti the wrens is 
only exhibited between the N. of Scotland and Icckud, the 
wren population of mainland firitaui and western Europe being 
very stable. Such diffcteuces presumably result from differences 
in selective intensity, but it is difficult at the moment to sec why, 
c.g., there should be less effect in the tiny redpolls than in the 
relativcJy large puffins. 

In coid-blooded animals, matters arc more complex, types 
often appearing to have an environmental oprimuui where they 
attain their maximum size. In frog species, forms from colder 
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clunatc^ seem to be targer, widi relatively diortcr hbd legs 
(Porter^ I94i* see Pfliiger and Smith, iRftj). 

Allen's rale also is correlated widi temperature. It slates that 
in warm-blooded species, the relative size of exposed portions 
of the body (limbs, tail, and cars) dccieascs widi decrease of mean 
tettipctaturcp We have already noted this for Per&mysan species. 
Statistical treatment showed diat it applied in So to S5 per cent 
of small mammals investigated by Renseli, and to almost die 
same extent for wing-lengtli in birds (five fan^ilics of iion- 
niJgratory North American birds). 

This rule also appears to hold for related species as well as 
related subspecies: c-g. for cars in foxes (Hesse, 19:^)^ When the 
tcmperanirc is ai aU extreme^ ear-^ize is of considerable adaptive 
value^ small car-size rcduciitg hcar-!oss in cold climates^ large 
ear-size faedicatuiig beat-loss in hot climates, 

Rcnsch {193^4) has shown due Alienas rule is in port purely a 
consequential effect of the negative allomctry of the parts con¬ 
cerned, but that this must in many eases have been accentuated 
by selection in relation to hcai^oss (see p. ^47). 

Both Bergmann s and Allen s rale may be included under the 
more general principle that in liomodicrinous forms body- 
surface rebtive to bulk tends to decrease witli decreasing outer 
temperature. 

Tlicsc effects prove to be gaictic in every case as yei tested. 
It is noteworthy, however, that temperature also has a direct 
effect of the same type on such organs, but the modiftcation is 
not pcmiaiiendy inherited (Przibrami, ip^S)- 

Pigmentation also shows marked geographical gradkntSi but 
these arc rather more complex. Glogcr's rule applies to pigmen- 
Cation ill wami'-bloodcd species. In its modern formulation it 
states that intensity of mebrun pigmentation tends to decrease 
with mean temperature (though the operative factor may possibLy 
be light rather than temperature); however, humidity also has an 
effect, great humidity together with high cemperamre pronioting 
the formation of the bbek eumebnins, wlnle aridity togedicr 


with high temperature promotes the subsritucton of the ycllowjsh- 
ot reddish-brown phacomelanins. Phoeonielaiiuis tend not to be 
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found in cooler conditions even if arid. Thus the maximum depth 
of pigmentation will be found in immid and hot climates, the 
minimum in arctic dimates. Heat and aridity, as in subtropical 
deserts, will promote ^Bowish and reddish browns, while lower 
temperature ajid aridity, as in steppes, will proiuotc greys and 
grey-browns. 

Among numerous examples, the studies of A, Roberts (i 9 ' 35 p 
1938) on S. African birds may be cited, though he is inclined to 
find geographical regularities also in other colours and in striping. 
Rcnsdi’s Statistical investigations showed Gloger’s rule to apply 
in 85-90 per cent of cases. We have seen a good example of the 
results in African squirrels (p. 192), The African buffaloes {C. 
Christy, 1929), with their red forms in forests and black forms 
in open country, consritutie an exception. Lipochcome pigmenta¬ 
tion tends to be of lower inteusity in hot arid regions. 

Invertebrates also show pigmcntation-gradieiits, c,g, bumble¬ 
bees, wasps, beetles, fautterfiies; but these are complex (see p. a6i). 
Lizards (G^Autisfiu) in western North Amcrio show distinct 
dines (Pitch, 1938), size and rekdvc tail-length, decreasing with 
de crea se of temperature. Dobzhansky (1933), by genetic analysis 
in lady-beedcs, has made it possible to demonstrate a genetic 
dine underlying geographical variation in Hamonia cufytiits. 

In all such cases, since related forms will tend to show similar 
effircts, parallel cvolutioti often results. Vogt (1909 and 1911) 
gives numerous eases among bumblebees (Sefftiur), and G. L. 
Bates (1931) among West African birds. Aldrich and Nutt 
(1939) find that in Newfoundland all resident birds which exhibit 
any geogcaphical variation are exceptionally dark, often more so 
on the more humid eastern coasL An excellent example is given 
by Mayr and Serventy {193S) from birds of the AustraUan genus 
Acottthiza. Several species show a concentric arrangieincnt of 
subspedcs, those in the arid interior being pale, whUe those on 
the S.W. coast and a small part of the less humid S.E. coast arc 
very dark. An imctcstiTig feature of this ease is that the boundaries 
of the subspecies do not always overlap exactly in diftcrent 
species, but may run parallel at some distance from each other. 
Mayr and Serventy axe inclined to interpret this on the basis of 
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differing rates of cvolntioriAry adjustniciit to aivironmcnt. It is, 
liowcvcr, just as likely tltat die pigniaitary expression of wliat- 
cver physiological adaptation is involved, may difltT from 
species to species. See also Rcnsdi (1936}. 

Another interesting case coiiclois die crested larks (Cu/cTjV/rf) 
of N. Africa and S, Europe (RodiscKUd and Hartert, 191 j). Two 
closely allied species, G. crittata and C. f/irk/de, lai^cly overlap 
in range, but are ecologically differentiated. Both have nunierous 
siibspcdcs, which show parallel variation in coloration correlated 
with soil-colour (though complicated by polymorphism in G. 
r/jck/tie). G. thiklae also shows a dine in song, which becomes 
niorc prolonged as one passes from north to south in Africa. 

Numerous other geographical dines appear to exist. The 
number of eggs in a dutch increases with increasing latitude 
within bird species, and the form of die wing becomes more 
pointed (Rcnsch, I938^'); organisms tend to dccrem' in size witli 
decrease in salinity (c.g. in the Baltic; but diis may be only a 
iion-genctic modificarioti); die number of fin-rays and vertebrae 
in many fish varies inversely wndi temperature; relative heart- 
weight decreases with temperature in warm-bhioJed species; 
tropical conditions promote a reduction of stomach-and iiitestine- 
sisse in species of birds with a mixed diet, etc. 

The selective intcrprciation of sudt dines gives a ratioiial 
basis to die Geographical Rules of Bergmaim, ALcii, etc., which 
we have jmt discussed; and to the consequent parallel variation. 
This is well discussed by Goldschmidt (1940). p« 83, who sub¬ 
sumes all the Rules under the head of* parallelism of subspecific 
dbes”. This patallciism may lead to forms which are taxoiio- 
nucally iitdisdnguisliable being evolved independently in several 
areas. Under current taxonomic practice, tliesc arc lumped 
together under one subspecific name. Titus the wotidpeckcr 
type named Pictis emtus scii^ttitfit^ps appears to have evolved 
in thcVl^estcm Himalayas, Soudicm Malacca, and Cochin Ghina 
(Danis, !937}; and Mayf and Greenway (1938) swte that in tlie 
bird Mesia argettiuutis three populations which diilcr, diough 

too subtly for formal description”, although probably not geneti¬ 
cally related, will all have to be called M. a, grgetitauris. Tliis is a 
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clear ease for subsidiary taxonomic terminology (p. 405), whctJiLT 
specified in the form of clitics or descriptive ecological terms. 

In addition to such general or widespread gradients, niajii- 
toted in many related and unrelated spedcs, odicts appar to 
exist which apply oxily to limited groups (Rcnsch, From 

among the wealth of possible examples we may adduce a few 
more concrete instances to illustrate the principle. 

We have mentioned the geographical variation of the gipsy- 
inoth, L^n^itria disp^^r. Goldschmidt (1934. p. 170) summarizes 
the geographically-varying charaeteis which he lias investigated 
gcneticaJly. These include (i) characters which, in his view, arc 
definitely adaptive:—the male and female sex-factors* which 
difler in potency; the length of brval development; the length 
of the diapause; (ii) diaractcts which Goldschmidt considers 
undoubtedly to be conebced with other disrinctions which are 
adaptive —the number of moults (four in both seXE^ : four in the 
male and five in the female; five in both sexesj; the total size 
(weight) bf theammaj; the larval pigmentation; the colour of 
the imaginal abdominal hak; and (Lii) charaaers which seem to 
have neither direct nor indirect (eorrekted) adaptive value:— 
the imaginal wing-colour. 

Clines appear to exist in regard to many of these characters: 
in general these are very gentle iu the main hdarcric bnd-tnass 
but much steeper, and with more tendency to sharp breaks, in 
die eastern Asiatic region. However, the dines for different 
phenotypic characters arc not always coincident. 

This species is the only one in which a full mcndelian analysis 
has been made of the genetic basis for geographically-varying 
characters. It is interesting to find that most arc controlled by a 
series of multiple alleles, whose effect is often reinforced by 
cytoplasmic influence, Lcngdi of diapause, however, and colour 
of abdominal hair arc decermmed by a set of independent multiple 
(polymeric) genes; and wing-coJour appears to be detcrniincd 
partly by a series of multiple alleles, partly by four other bide- 
pendent genes. {In Pcramyicus, Sunnier found dial almost all 
subspecific differences dqscnded on several genes, which he 
considered to be independme multiple factors.) 
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A pccuHai cUnc is fountl in the insular popuktiotu of the deer- 
mouse, Percmyscus numiaifattfs, ori the islands of Georgia Strait, 
British Columbia (Hall, 1958), in relation to distance from the 
mainland. Within a mere fourteen miles, body-length bereases 
from 84 to loj tnm„ and tail-length decreases from 94 to 66 mm., 
almost halving the tail-body ratio. It seems impossible to correlate 
this with any of the usual geographical rules. 

The small copper butterfly, Heodfs phleeas, analysed by Ford 
(1924), shows distinct gradients in certain regions, while m others 
the (hstribution is irregular, and in sdll others, such as North 
America, there is hardly any variation over Urge areas. Ford 
considers that this last fact is due to the species having only 
recently colonUed the region, so that there has been madeijuate 
dme for geographical di&tenriatioti. Certab characters of the 
swallowtail butterfly, Papilh dardanuSt show a graded distribution 
(Ford, i 9 j 6 }, as do some of Aeraea johtiitani (Carpenter, 19^^)' 
In this and other butterflies with polymorphic females, a poly- 
morph-cado gradient in the proportions of the forms may often 
be observed (Eltringham, 1910; Carpenter, T 93 ^). “ is also the 
case in ibe polymorphic foxes (p, 103), the guillemot (p. los), 
etc. The fulmar petrel, Fulmarkf shows a condidoii 

mtermediatc between the dmiorph,jado cline (b the propor¬ 
tions of two sharply distinct forms), and the contbuous gradarion 
(J. Fisher, 1939^). Here there is a primary distbedon between 
pale and dark (blue) forms, but the blue types exist b various 
degrees of btenstry, and there is a clbe towards a greater pro- 
pordon of the deeper blue types b the far north. 

The fox-sparrow’s studied by Swaith (19^'®) show character- 
gradients, but these arc by no means simple. The sharp steepenbg 
of the gradients at the aoncs of btergradadon between subspecies 
is agab prombent b some regions, dificrent trends occur m 
different direCdons. Fbally, there arc certab apparent anomalies 
b the trends. Swaith suggests that these depend upon migratory 
habit, since the type would be bfluenced (whether by selection 
or otherwise) by conditions b their winter range as well as by 
those b their breedbg quarters. 

The zebras of the BurcheU's zebra group (£1jhiis fciurf/tefli) show 
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in intcrcstbig dine (sec Shottridge, 1934 )- equatorial forms, 
covering two-chirtls of its noettHsouth range* are fully striped- 
south of the Zambesi the striping is progrcsrivciy reduced, fit$t 
on the tail and legs {E* k burchtlli), and then on the hinder half 
of the body (£- k the true quagga^ now extinct, and often 

regarded as a separate species). Here a threshold value for striping 
has been reached at a certain laritiidc. 

An interesting ease is that of the cole dt^ Pams of^r* One of the 
characters by which the Irish subspecies. P. a biherfHat^, is distm- 
guiilied from the British* P- a. brifanmeus, is the amount of 
yellow lipocltromc pigment in the plumage, manifested especially 
in the yellowish colour of its under-parts* Occasional specimens* 
however, lact this feature and these are more common towards 
the north-cast of Ireland; and occasional specimens from Wales 
show varying degrees of the characters of the Irish form 
(Witherby* 1938-41)' would seem that the Irish Channel has 
introduced a considerahic discontinuity into a colorarion-gradicnt 
(see Huxley, 1919 ^)- 

In this ease, it is interesting to note, the various forms appear 
to differ primarily in regard to rate-genes ft) affecting the 

rate of deposition and final amount of lipochromc pigment. 
This seems also to be the ease Li the African buffaloes just men¬ 
tioned, though here die pigment conoemed is melanin (sec 
discussion ill ^uxlcy, 193 9(1)* ^ similar ease is that of the Rassaikr^is 
of the palearcric goshawk Aedpiur geniitis (Gladkov* 1941)- The 
subspecies to the N. and E. art lighter^ and in them the young 
birds, which arc always darker than the adults* show an earlier 
onset of the hghtenmg process. This species also obeys fiergmann s 
rule. 

In the case of P^rraj ah^r wt have apparently an approxitnadon 
to the condition of die stepped ramp* in which die subspecies 
show internal clincs^ A similar example has already been men¬ 
tioned in Petcmysais (p. 1S7). In both these cases the 

internal dines of certain subspecies appar to be confined to the 
margins of the areas of distribution, w'hile 111 P. poUanolns a 
pigmentary dine is continuous across the whole subspcific area. 

Among the silver pheasants (Beebe, 19^1)1 Cknnasus shows 
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largiNscaJe colon r-clmcs in all the iiuiti species* In addidnn^ there 
has been considerable hybridization along die biuindariL-s of 
species or marked stibspccies. producing trregubf gcnocHnes. 
The iiitenial dine in die moth Pldtymtttm {Swecidner* i^l?) 
appears to be a gcnocline^ due to hybridization between two 
diAinct forms brought together by post-glacial inigradon. The 
dines ill die frequency of hlood-^roiip gctics in man across tlie 
Palearedc (HaJdaiic^ i 94 ^) arc also undinibtedly due to inigra- 
tion; where natural barriers occur, the slojic of die dines is inudi 
steepened, 

Li^ppcndiin (i93z) describes a contbiuous cltiie in tht colour 
of the under parts (from dicstnut to pure white) in the coinmon 
nuthatch [Sitia catsia) from several hundred tiiiles from west to 
east across nortlv-ccntral Europe, At either end, the dine passes 
over into forms which are stable over considerable areas—i,e* 
geographical subspecies. It is possible that here, too, we are 
dealing with a gaioclinc resulting from hybridization between 
two distinct forms which have met subsequendy to difierentiarioiij 
possibly, however, k is a true geographical internal dine related 
to an environmental gradient, and such dines may turn out to 
be comnioiier tliaii now supposed. The differentiation of the 
squirrel Calhfntmis along the Chiiidwin river is considered 

by Tliomas and Wroughton (15^16) to be into numerous sub¬ 
species i their own data, however, tnakc it probable that it is 
really into two colour-dincs* separated by a tributary (see p* 227). 
Again, Fleming and Snyder (1939) hi the song-sparrow Mchspi2td 
ffielodin fmd a continuous NW.-S.E, colour-dine across Ontario* 

1 * L. Snyder (1915}, in a study of the sliarp-taiJcd grouse 
[PcJi&eietts pliasiimfUus) of Nordi America, finds that, in addition 
to distinct subspecies of the usual type, there is a colour-diiic 
from north to south over the Great Plains- He hesitates whether 
to give trinomials to various fonm widiin this clinc- Althougli, 
as he says (p. 59) ^ this would be quite a normal procedure accord¬ 
ing to present taxonomic practice^ chh docs not mean diat it 
would be justified (see p, 226), 

We may be sure that many forms have been accorded sub- 
specific rank because the coiiferring^of a trinomial was the only 
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accepted method of distinguishing them, whereas in reality they 
represent only points on a cotitinuous clinc. Once the idea ol 
ethics is gene rally accepted, we may safely proph^ that an 
increasing number of cases of clitnes will come to light, often 
replacing senes of suhspccies+ 

Examples of (x>ndnuoiis (mtemal) gpoclijics within extennve 
populadotis are as yet mfrcqucnt. doubtless because th^ are 1 ^ 
readily detected. However, a very intccesring case is that of the 
honey-bees, studied by Alpatov (1939)- hi the pUin of Euio^an 
Russia, a gradient occurs in tongue-length. This increases from 
north to south so regularly that the chanp can be rtawnably well 
represented by a mathematical etjuaiicn cmuiecnng tongue- 
length and latitude (y ^ 10 - 3^19 - o-OTSSStf, Y ^ 
length in mm., and x = degrees of N. latitude). The tongiue- 
kngth ranges from 5*726 nun. to 6*733 nim. 

A north-south gradient towards smaller absolute body-^ze, 
larger relative Icg-siae, relatively broader wing^, lighter abdomcn- 
coloui and other characters, including certain points of behaviour, 

is also apparent. _ 1 ■ 1 j 

In die Caucasus, this gradient is continued with decreasing 

ladcude for tongue-length and relative leg-length, but is 
(presumably in relation to decrease of temperature with altitude) 
for abdomen-colour and relative size of wax-glands. This shows 
how valuable the specification of charactcr-^aditiits may be as 
an additional method of taxonomic description, as does the fact 
previously cited (p. 217} that in fox-sparrows (Pussfrellff) different 
character-gradients run in different Erections; the same Is true 
for Lyaurntria (Goldschmidt, 1940, pp* N)- 

No such graded variation b to be found in North America: 
thu b due to the fact that the honey-bee is there a recent importa- 
don. The geographically-graded characters are all or mostly 
genedc. Some of them appear to be adapdve, c.g. the tongoc- 
Icn^ in teladon both to the type of flora and the average level 
of nectar in the flowers. 

Another interesting case U that of the lady-bird beetles (Cocort- 
elltdae) studied by Dobihansky (i 933 ). I" many of these, poly- 
morphbin exists, several qualitadvely dbtinct noti-intcrgradmg 
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types being found wichin the species^ Clurajcter-gradicnts of two 
sorts 2rc found in the group, one concerning the frequency of the 
different qualitative types, the other affecting the quandtaiivc 
development of a single cliaractcr of a particular type or types. 
Humidity, and to a certain degree low temperarurtp appear to 
favour depth of pigmcntarionn though the correladon is by no 
tnearn complete^ Various spedcs show well-marked plgmcntaticitt 
dines around cciittes of light and of dark forms. 

This example is interesting as combining the two types of 
internal or mtra-group dines—^in quantitative characters and in 
polymorph ratio (p. 10j)* 

A similar combination secnis to exist in the gyrfalcon (Fdra 
rwtffcaW). Its various forms may prove to be better represented 
by a single cUnc (involving an increase of si^e and in percentage 
of HghtK:olourcd birds with mercasing N. latitude) than by the 
usual method of subspedfic naming. Witherby (i9j8"4i) 
tinguishes a very dark subspecies from Labrador, a moderately 
dark (typical) subspecies fronn the north of the western palearctic, 
a moderately lighc sulxpcdcs from Iceland^ and a very pale 
subspecies from Greenland* as well as others from Siberia 
and Arctic Canada. 

However, in some localities a certain number of cotitrasted 
types occur. Thus a mmority of N. Greenland birds ate indis¬ 
tinguishable from the typical Iceland fonn. In Iceland, there is 
a considerable range of variation, and a typical Iceland form and 
one simibr to the pale Greenland typo have been recorded in the 
same brood. The S. Greenland population is indistinguishable 
from that of Iceland- The “subspecies'* from Siberia and Altai 
show great vaiiariont and can only be separated on the basis of 
the relative abundance ol die various contain. 

Bird and Bird (ip4i) state that the very dark forms arc in the 
great majority in Labrador* but chat some occur in SW. Green-* 
land. Variation is at its lowest in N.E. Greenland, and dicy wish 
to rcstria the N. Greenland subspecies to this area, wliile admitting 
that souie birds from Arctic Canada arc as pale. They lump all 
the birds from Labrador, Arctic Cajiada^ and S- Greenland into 
one subspecies, in 4pice of the great local variation, and in spite 


222 


evolution; the modern synthesis 

of the identity in colo<^ of tLc S* Greenland with the Iceland 
birds. 

It would appear much more logical to include the whole 
population in a single cUnc; the relative lack of variation in the 
N.E. Greenland birds would then be due to their being dose to 
the limit for pale colour. 

Juveniles are always darker than adul^t but those forms with 
lighter adults have lighter juveniles. The variation is therefore quite 
possibly genetically dependent, like those in buffaloes and cole tite 
(p. on rate-genes affocting the rate of depoarion of pigment. 

Poly morph-(dimorph-) ratio dines have a special interest for the 
sdecdonist, since the continued existence of two or more sharply 
marked types within a population implies a selective balance 
between them (p, 971 and sec Ford, I940a). When a dine eidsxs 
in the proportion between the two, the geographical conditions 
along it may give a clue to the selective factors involved. 

A recent study of primroses Ja by Crosby (194^) 

show's how die orig^ of a mutation with positive selective value 
may give rise to a temporary polymorphrratio cUnc* Primulas 
normally show hctcrostyly with the two typci, pin and thmm^ 
approximately equal in frequency* In one area, however^ large 
numbers of long homostyles were found. If as seems probable^ 
these are nomiafly sdf-feitilized, their numbcK will increase, and 
chose of the other types decrease, thrum more 30 than pin. If 
the mutation arose in one centre^ it would spread, and the ratic^ 
of the three types would change with distance frona the centre 
and W'ich time. The preliminary counts so far made are not 
conclusive, but do not contradict this hypothesis (sec p* Jr3)^ 

A remarkable dine in regard to sexual dimorphism, but 
affecting species instead of sobspedes* is found in the flycaEchers 
(PcvFWfij) in the Marquesas, The northernmost, spedcs* P* ipkis^ 
has pied black-and-white males and brown femmes; the centra] 
P* mertd&zdi has black males and probably pied females^ and the 
southernmost P* whkneyi is black in both sexes (Murphy* 19JS}- 

Colman (1932) has made careful mcasua^mcnts on the shells 
of the periwinkle, JJttmna t^btusata. He finds great variability in 
sixe and form, but the populations from the two sides of the 
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Atkndc cannot be dUtitigmshftl statistically. Here and ducncp 
distinct gradients occur. For instance ^ in passing up ihc New 
England coast a marked change in shape occurs along a portion 
of MainCr the shells becoming thinner, with taller spires. Biometric 
investigations of this sort on molluscs with a wide range should 
provide useful data Imking ecology with sy^matics. 

The application of the principle of geographical replacement 
to plants is revealing intergroup cliiies. Thus Rensch (1939c) 
finds a west to cost increase in the divided condition of the leaves 
in a Rdssenfereis of the pasque-flower. PwtiinV/d. 

We may next consider ecological dines (eeoclincs). In general^ 
as already pointed out, these will tend to be repeated, with 
variatiom in slope, form, and extenr^ in numerous regions of a 
distribution area. The bcrcase of sheJl-thickncss with aridity in 
land snails appears to be one such example (sec instances in 
Reiischf TKere appear to be numcrons examples of alii- 

tudinal dineSp notably in sizci, in bird species: see Chapman and 
Griscom (1924) for wrens (Troglodytes)^ Danis (1917) wood¬ 
peckers (PiCMj), Dementiev (i9j8) for various genera, and Mayr 
{1911-40, No. 41) for the honey-buzzard (Hmiwpfmfj). 

Schmidt (191S) demonstrated a gradient in number of vertebrae 
in the sedentary fish Zoarccs mip&ms in various Norwegian 
fjords, the number decreasing wdth distance from the open sea. 
Vertebral number and other characters m fish appear often to 
show a broadly graded distribution (Regan, 1929; Hubbs, 1934)- 

In many plants^ very short ccoclincs may exist. Gregor's 
investigaaons on Plontago (193^^^ ^ 5 >J 9 ) bdicatc that 

these arc produced anew in each generation by selection from 
among a wide range of ecotypes present in the species—an 
important general conclusion. The differences involved may be 
considerable; thus scape-length runs from jiKt above 20 cm. in 
waterlogged coastal mud types to nearly 50 cm. in diosc from 
maritime rock, hi addition, large-scale geographical dines (wJiicli 
Gregor calk top&rtincs) exist for certain charaaers wliich do not 
show ecoclincs, c.g. the ratio of scape-Jength to spike-Icngili 
increases from west to cast from western America (3.2) via 
cMeni America and Iceland to western contiuemal Europe (4.9). 
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Topocliiics hivc been shown to exist in Hftwj (Langlet, 1937) and 
Iris (Anderson, 1928), and will doubdess prove a common 
feature of plants as more attenrion is dirtctcd to the subject, 

A case of abrupt steepening of a gradient is seen in the silver 
pheasant, Gchhochs, The areas of two well-marked forms, one 
with dark and the other with vcrmiculated plumage, are separated 
by a more sparsely populated region where no two individuals 
seem to be alike. Baker (1930, p. 295) puts this down to the 
rapid variation in geographical and cUmatic factors in the inter¬ 
mediate region. It is more probable, however, that these arc two 
fornu which have met after dififcrcritiating m separate regions 
(pp. 243 seq,): they arc in any ease so dificrent that Baker places 
diem in di^rent species {C&tnaeus h. harsjicldii and G. hfieaft/s 
oatesi). See also Ghi^ (1909), Beebe (1921), and p. 21S. GrnRdeuf, 
as a form open to genetic analysis, merits intensive investigation. 

Numerous other examples of dines of various types will be 
found in Robson and Richards (1936); but enough will have been 
said to demonstrate their widespread existence and their impor¬ 
tance in many groups of organisms. 

As Rensch points out, the various empirical rules concerning grad¬ 
ients enable us to prophesy with considerable accuracy what will 
be the appearance of subspcdcs from areas as yet uninvestigatied. 

Although some of these eficcts (pigmentation; altered propor- 
rion of extremities, ere,), may be induced experimentally as pure 
modifications, it appeals ocitain that most of the diJiercnces seen 
in nature arc determined genetically. As regards their biological 
meaning, while some of ^eni, such as change in relative size of 
heart, of digestive organs, and of car^ize, appear to be, in whole 
or in part, direedy adaptive, many must be presumed to be 
correlated with less obvious but more fimdamcntal adaptive 
changes in metabolism and activity, such as those evidenced by 
the thyroid otPeromysais subspecies (p, 1S8), 

It is clear that, sinoe humidity and temperature often vary in 
different ways, gradients in pigmentation wiU often run across 
each other. Doubdess many other character-gradients may run 
in difierent directions. A, H, Miller {1931) has demonstrated this 
independence of character-gradients for some characters of die 
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shrikes (LdHw) that he studiedp and so has Swarth (1920) foe the 
fox-sparrow, PmsrFiiila (see pp. iSip 196, 117, 220J. 

Ic should be mentioaed that geographical dines do not always 
occur. When a population h thus uiiiforoi over a large aica^ the 
uniformity may be correlated with uniformity in environmental 
conditions, e.g. in the wood-mouse Peromysnts !a4copus mvf~ 
bGTocfnsis (Dice, ^93 7)- 

Again* marked gradients sometimes exist for some characters, 
but not for others. Thus in South American wrens {Tm^Wyfej 
PTAundiirf), Chapman and Griscom (1924} find a distinct increase 
of size with altitude (doubtless a temperature effixt), but little 
coneladon of colour with any environmental factor. This latter 
fact they put down to the supposedly very leccruc date of the 
extension of the species over the continctit (cf. Heodes in North 
America: p. 217)* If so* then selection for increased size in low 
temperatures must be more intense and therefore more rapid in 
its effects than selection, e.g. in humid areas^ for whatever 
characiers produce changes of coloration as ihrir correbtes. 

It should be mentioned that Rcinig (1939) has oiddzed 
Rensch's views as to the adaptive origin of the dines connected 
with the Geographical Rules, and substitutes a theory accordiug to 
which they are due to selective elimination of genes during post- 
glacial migration from glacial "refuges* \ While dus explanation 
may hold good for some forms^ such as the red deer Cerpus 
ftuphus^ or the swallowtail P^pith machaQti^ it would seem cer¬ 
tainly not to be of general applicadoii. His views, however# are 
another reminder that dines are of common occurrence# and 
originate in numerous dlisrinct ways. 

The general existence of chaxacter^adienis within specie and 
groups of related species is a fact of major biological rntportance 
which has been fiilly established only within the last few decades^ 
As derailed work proceeds, and is backed by genedcal and 
ccologtcai study# we may prophesy that the mapping of character- 
gradients will provide an important method of taxonomic 
analysis, complementary to that afforded by the charactetizing 
of named sub^pedeSi It should, for instance, be possible to show 
on a map the lines of maximum change for different characters. 
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If the exHcme values for difiereDt poptiladoHS of the species are 
designated o and lOOi the plotting of intermediate valuK (pheno- 
contours or isopkenis (p. 104) will give a contour map of the 
character-change. 

Such mapping will obviously permit of important studies in 
comparative systematics—the determination of regulaiiiies and 
difierenoes in the correlation of ehaiattcr^adJents with environ¬ 
mental gradients* the tendency for subspecific boundaries to occur 
in certain regions (Reinig* ipjS: GrmneUp 1928)^ the relative 
variability of dilfncnt species, and so forth, Tlie $peci£cadon of 
inter^group clines will permit biologists to obtain a much clearer 
picture of the intcr-idadonships of the subspecies of a polytypic 
spccicsp especially when (as wUl probably prove to be the riJeJ 
clines for different characters run in diffcrent directions. 

In most cas«t clines should be employed as a terminology 
which is purely subidiary to that of the trinomial naming of 
generat species* and subspecies. The description of dines can 
provide a clarificadon of the taxonomic picture, as well as greater 
detail of analysis, but must follow and supplement die description 
of species and subspedes^ not in any way replace it. Occasionally, 
however, clines must be regarded as taxonomic categories in 
their own right, to be employed as part of the nomenclature, in 
place of subspecies. This will be so when a well-marked gradation 
of characters extends widiout sharp break over a considerable 
area* as in the nuthatches mentioned on p. 219. Loppcnthiiii k 
is true, a^gns subspecific names to arbitrary stages in the dine, 
but this would appear to be quite indefensibb. 

Subspedes, by definition, should mean something of the same 
general nature as spedcs—i.c. unique groups, with definite 
characters shared by the w'holc popularion^ and definite areas of 
distribution: the distribution may be dtlier geographical or 
ecological Clines, on the other hand, may be repeated a number 
of times: and even when they have a definite single area of 
distribution, by dcfuiirion show a gradation, not a uniformity, 
of characters. It is suggested (Hxixlcy* 1939^1) that when a dine 
has a large single distribution area, and iJxus coiisdiutcs an iiifra- 
spedfic category equivalent to a subspecies, it should be dciiotcsl 
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by a hyphenated Latin name, preceded by the abbreviadon cL 
It is further suggested that where doubt exists as to whether a 
scries of forms represents a single internal dine or a set of sutn 
species which can be arranged in an intergroup dine, they should 
be provisionally named as dines. Thus in die Buin^csc squurds 
(CdJ/o^ciHTKs siadent) referred to on p. 219, the northern scries 
of forms, instead of being divided into four separate subspecies 
C. j. slwrtndgo^ frymm, and hamngU>uH^ as is done by 

Thomas and Wroughton (on the basis of coicctions from six 
stations only, one of which yielded types intermediate between 
two of the “subspecies”!), should^ pending further investigation* 
be styled C* s. €ll shi^rtndgei-hamngtonii- 

The cthic concept can also be employed in a formal sense* to 
express the gradation of forms produced by spedes^hybridiaarion, 
even when no geographical gradation exists. Such dines have 
been caUed hybrid dines or mihaclines by Melville (*939), and 
have been used by him in his analysis of die bewildering variety 
of forms found in the elms (L/^wmj). 

The giving of a name to a pamcular group inevitably tends 
to endow it with greater fixity and uniformity than may be 
warranted; and if one infra-specific group be just suflicicndy 
distinct to merit subspcdfic namings another not, the named 
group will tend to be thought of as having a greater *‘reahty”^ 
The employment of dines in taxonomic dcscriprion will tend to 
correct this* by stressing gradational changes and the orderly 
intcr-<ojmcxion$ of groups, and will help towards providing a 
truer and fuller picture of organic diversity. 


5, SPATIAL AMD ECOlOGtCAL FACTORS tn CEOCRAPHICAL 
mVERCENCE 

We may now' consider in more detail die various methtsds by 
which geographical isolation may operate. It is clear that, when-^ 
ever the areas inhabited by different geographical groups dificr 
either in their physical or their hiological environ men t, then 
adaptive changes may, and usually will, occur^ supciposing some 
degree of ecological divergence on what wc may call the pure 
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geographical, due to nan-adaptive changes* In order to discuss 
these adaptive processes adequately we must anttdpatc some of 
the later conclusions and point out chat ecolc^cal divergence 
may be of three main types* There is first, adaptation to the broad 
physical features of a ieg;ion, including climate: this we may call 
ecoe/jfmiric. Secondly, there is adaptation to the detailed features 
of a particular type of habitat within a region, which may be 
called ecotopic. And in the third place diere b K$hiotic adaptation, 
to a particular mode of life within a habitat* 

In ecological diycrgence, adaptive difierentiation b primary, 
whereas in geographit^ divei^ice, spatial separation is primary* 
Naturally, there arc many borderline cases; but the dbtinction b 
often a real one. ficologi^ divei^cnce may be superposed upon 
geographical, e.g. in cottons of the genus Cossypiam (Sdow, 1941). 

In thb section we shall confine ourselves to geographical 
divergence, where the primary factor permittbg or promoting 
parti^ or complete spcciadon b the spatial sepazadou of the 
groups concerned. Thb, however, may operate in various ways, 
(i) M the first place, geographical changes may introduce a 
discontinuity into a previously continuous range, Thb will occur 
when subsidence isolates groups of a land form on blands; when 
ekvadon separates groups of a marine form on two sides of an 
bthmus; when a change of climate isolates groups on mountain- 
tops; when ecological condidons cause a discontinuity of a 
necessary food-plant; or when an anadromous fish species 
becomes land-locked in several separate lakes* 

Such barriers arc non-biologicd accidents superposed on die 
biological continuum. They may be ecologically neutral, when 
the environment b similar on both sides of the barrier. If, however, 
it differs on the two sides, the barrier will be ecologically signifi¬ 
cant, and, by preventing gene-flow, will facilitate greater 
divergence than would otherwise have occurred. 

The discontinuity may erect a complete barrier to the tnecr* 
breeding of the two groups, as with die case of the bthmus or 
the lakes; or the barrier may be patdal, as with a bird popubtion 
on an bland close to the mainland. Divergence in small isolated 
populadons may depend solely or mainly on the isolation, and 
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be <liie to the “accidental'' incorporadon of non-adapdve 
mutadons and new chance rccombinadons—the Sewall Wright 
eifect of “drift”. 

(2) A similar state of afiaks may arise when sharp geographical 
barriers, such a$ rivers or mountain ridges, exist dh I’niVia in the 
path of a spodea which is extending its range. The spedes may be 
able to sumiounc the barriers by migradon, but the migrarion 
is of small extent; thus the resultant groups remain essendally 
isolated, as with Partula (p. 232). 

(3) A somewhat difieicne picture is afibrded by wide-ranging 
spedes whose range is not cut up by sharp physical discondnuides. 
In such cases, the whole can form a smgle interbreeding group 
without any marked barriers, even though mere distance pre¬ 
vents the mtcnniagling of the remoter portions of the popidadon. 
Divergence may then occur, as with Pefomyscus, in leladon to the 
broad features of various regions—humidity, temperature, colour 
of background, etc. £ssendally adapdvc subspedes will be pro¬ 
duced, but further divergence into full species U prevented by 
interbreeding at the margins of the subspecific areas. The sub¬ 
species may of course differ also for acddetitai "isoladonal" 
reasons. 

Such subspecies will remaiu dependent, as parts of a single 
evolving Rasienheis. They have reached the cquilibriunv-potnt 
of partial biological discontinuity, which is maintained thanks 
to the establishmenc of harmoniously-stabilized genc-com- 
plexcs in the subspedhe populations, with consequent resrric- 
don of interbreeding to narrow zones (p. 210), This condidon, 
as pointed out by Sewall Wright (1940), is the most favour¬ 
able for the adaptive evoludon and plasticity of the group as a 
whole. 

This type of divergence may readily be combuicd with the 
types outlined under (1) or (2) above, and (jJ below. Li such 
cases, full spedes may arise, and divergence proceed further. 

{4) When a specks has been widespnrad and becomes restricted, 
or when it is very local, inteibreeduig between local groups 
becomes reduced, and acddental divergence, fostered by isolation 
and by rtxlucdoii of numbers, can play a greater part. 
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(5) Whcti ccoiogiczUy very distinct regions within a larger 
area arc coloni2c<l, distinct snhspedcs or species may be formed 
in each such area. We rttay think of woodland as a gainst open 
country, upland as against lowland, desert as against well-watered 
country, sea-coast as against inland. Groups diverging in d u e way 
will in general be spatially separated, but the process diHeis from 
ordinary geographical subspeciadon, as under (3) above, in 
certain important ways, hi the first place, such ccologica] regions 
may each be markedly discontinuous (c.g. regions over a certain 
height), whereas those inhabited by typical geographical sub¬ 
species arc normally each well-defined as a continuous single area. 
Secondly, the ptinciple of geographical replacement may break 
down, distinct g;roups within a region being kept apart by eco¬ 
logical preferences 270 seq.). Thirdly, the ecological a^pta- 
don is here on the whole primary, the spatial separation 
secondary. These facts may have a further consequence, namely 
that there may be rcladvely more zones where die two groups 
may come into contact, though there will be sharper aikiptivc 
distinctions between them. Then, as wc shall see, sdccdon will 
promote barriers to interbreeding, so chat full spedadon is more 
likely to result. 

This type of divergence thus forms the transition to ecological 
divergence, and is on the whole on the ecological side of the 
dividing line. Wc shall accordingly treat of it in a later section. 

(d) When the biological environment of an area inhabited by 
a group is very diAerent from that of other areas inhabited by 
related groups, the type of divergence which results from geo¬ 
graphical isoladon may be quite disdnet. On oceanic islands, for 
instance, a very restricted fauna and flora is usually found, so 
that selccdon will act in quite a difTcient way from the original 
habitat of the species on the mainland (pp. 324 seq.}. The sa me 
may apply to large and well-isolated lakes. 

In such cases the struggle for existence will in general be less 
intense, both as regards compedrors and as regards enemies. This 
will allow greater play both to accidental divergence and to 
ocobiotic difierentiation of a rather special sort (p. 325), In addi- 
don, the environmental factors will often be so different that 
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ccoditnadc and ecotopic divergence also will be promoted above 
die ordinary. 

(7) The nature of the group that is spatkUy isolated may also 
play a part in dctennitiirig the type and extent of divergence, in 
addition to the nature of the isolation and the nature of die 
physical and biological environment in which it is isolated^ For 
instance, migratory forms are less likely to show geographical 
divergence than sedentary ones (p. 239}. 

(8) Next, there are the effects of migration. Sometimes we 
have the simple e;xpansion or contraction of the distributional 
area of a group. A particularly interesting process is that of the 
migrations of two or more distinct groups subsequent to their 
divergence. A process that is in a sense the converse of (i) occurs 
when geographical change, such as elevation or change of climate, 
permits subspecies or spedes that were dilierendated in complete 
isoUdon to meet once more (p. 243). The result wiU be quite 
dificreut according to whether they are or are not still capable of 
breeding together. Of rather a different nature arc the alterations 
in range of subspecies that have always been in contact at the 
margins of their areas, as a result of changing population- 
pressure (p. 209). 

(9) Finally, we have numerous range-changes due to human 
interference, such as introductions, deliberate or accidental^ of 
alien types. It is probably fair to say that most biologists are 
unaware of the number and extent of such rangixhangies now 
actually in progr^. 

Wc may now consider these general points in the light of 
actual examples. Cases where divergence appears to be largely 
non-adapdve, due either to the accidental after-effects of isolation, 
or to the equally accidental initial process of colonizadou by a 
non-rcprcscntadvc sample, are seen in various island forms, in 
the differentiation of different races of char Ln European lakes 
(p. 177) , and in the divergence of the flora of the high mountains 
of East Africa. In this last case, it appears that during the pluvial 
period the present high mountain forms occurred at much lower 
levels and accordingly had a continuous distribution: with 
increased aridity, they were pushed up the mountiui-sidcs into 
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bobdon. As a rcsait tlic giant scncdos, IcibcliaSp tree-heaths 
other plants usually differ specifically or subspedfically from 
one mountain to another. The same occurs with birds tn South 
America, two well-marked subspecies of the mountain humming¬ 
bird Omtr&chiius c/j/w£^rci^i being fooud on Chimborazo on 
the one liand and Cotopaxi and ueighbouxing mountams on 
the other. The ranges of the two forms arc separated by about 
sixty miles. A rare intjcrnicdiare form, however, appears to exist 
on a ridge midway between the two: if so, this provides a 
bcaudful example of partial isolation (Chapmati, 1926, p. 301), 
In these eases, differeiidadonj whether accidental or a^pdve, 
appears to have occurred wholly or mainly subsequent to isolarion, 
not by iiiirial sampling, 

A similar phenomenon p here apparendy altogether due to non- 
adapdve subsequent dirtcraitiatioD (the Sc wall Wright effect), 
was described by Kammerer (1926) for lizards on isobted islands 
in the Adriadc. In one cascp the two halves of one island ate 
biologically isolated through the isthmus being exposed to salt 
spray: and the lizards on the two halves are of a different colour^ 
A well-kiiown ease is that of the special variety of lizard found 
on the isolated rocks known as the Faniglioni close to Capti^ 
We have referred (p* 200J to the quandtadvc evaluation of 
geographical differendadon in insular lizards recently undertaken 
by Kramer and Mcitcns (193S11). 

The most remarkable cases, however, arc those of various Und- 
snails in the Pacific^ as described by T. Gulick (c.g. 1903), 
Fiisbry (1912-14), and Cranipton (1916, 1925, 1932). We may 
take Punula on the Society Islands as an example. The inEcrior 
parts of ihe islands are mountainouSp cut up into deep wooded 
valleys separated by knife-edge ridges. Snails can and do migrate 
from one valley to the next, but this is an occasional phenomenon 
only, since they am adapted to warm, moist condidons* and arc 
normally not found cither in the dry coastal strip, the cold peaks, 
or the cold dry ridges between valleys. Thus the popuJadons of 
different valleys arc virtually isolated in a gcncdcal seme, except 
for rare and more or less accidcnral migracion. 

Nuntcrous spcdcs of Paruda arc dbdnguished, with diffem^t 
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dcprccs of intra-spcrific variation. The most complex species 
described is P* ordfierfdflij, with eight subspecies and their varieties 
of primary, secondary + and tertiary degree. These varieties 
include dcxtral and sinistral types, giant and dwarf types, and 
numerous types differing in colour and form ofsIicU. 

The diffi:rcnc characters and varieties occur in difleremt pro¬ 
portions in different valleys, some often being wholly absent in 
particular areas. In certaiTi eases die course ot inigracion can be 
deduced. For instance the populadon of Fantaua Valley shows a 
remarkable degree of variadon, and apjicars to have been the 
source for the colonization of a numk'r of other neighbouring 
valleys: for the popubrions of all of these show a a'ducrion iti 
the number of “unit-characters” as against the FantatiJ assem¬ 
blage, but each possesses a diifacut combuiation of these charac¬ 
ters. Thus local reduction of variability' by colonizing through 
small random non-representative samples seems here to have 
been an important method of inercasiug geographical diversity. 
On the other hand, other evidence points strongly to some of the 
diversity being due to the “acctdetital” incorporation of new 
mutations or rccombinationst ii^ die populations subscejuent to 
their isobtion. 

An important feature of Cramptoifs work is that he was able 
to demonstrate the process of change in optradon (Craniptoii^ 
He himself had been coUecung since and a derailed 
lecord had been made by Garrett from 18G1 to iBliS. During 
this period, several changes have occurred. Extension or altera- 
tions of range have been not infrequent. Colour-types and 
giant and dwarf forms unrecorded by Crarrerc have become 
wcHn^stablishcd in certaiii valleys. Forms showing reversal of 
spiral have become established in colonics recorded as exehisivety 
dcxtral or sinistral in the ninetcciuh century. 

Tlic largest change occurred with another species, R 
Garrett d^zribed tliis as **vcry rarc^\ and a^trictccl to a small 
southern area ofTaliiti. By 1909 it had covered atiiK^sC Jopr-liftllS 
of die island, and both in its old and its new areas sliowcd a 111 ath 
greater degree of variation in size, shajK-, and ct>lotir, 

Stniibr phenonicna wea^ founJ wiili siuttmlis in Mmirea 
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hland Here we have a curious fact. WKOc the species in Garrett’s 
time was almost exclusively dcxtral. and remains so to^y in 
its original irca, it becomes progressively more sinistral in the 
newly^lonizcd areas, (The physioJogicd pecuHarides of sinis^ 
trals (p* Ji6) may favour dicir spread in certain conditioits.) 
Again, P. rfliVijliftr* so rare in Garrett's time as to have escaped 
detection by hirrip now covers quite a wide area, and exhibits 
an extremely high degree of general and local variadoii. Cbm- 
parisoii of Crampeen s earlier and later data show that the process 
of spread and differentiation deduced for the period before 1907-9 
had been continued in the further sixteen to eighteen years. 

Very similar results have been found by J. T* GuJick (J905; and 
see Pilsbryp 191Z-14, and Welch, 1938) with the AchadnelUd land- 
snails from the Hawaiian Islands. It appears that a similar, though 
not quite so excessive, differendadon has occurred among the 
amphibia of the mountainous islands of the Antilles (see Barbour 
and Shreve, 1937)* In other parts of the world, where these 
peculiar condidons favouring Isolation arc not operadvep the 
geographical differentiation of land-^snaUs proceeds along more 
normal lines (see, e.g., Rensch, 193 ]h)^ 

An interesting case from mammals is that of the A&ican 
cobKantclopes {Kohus) studied by Hamilton (1919). On the east 
bank of the Nile there is. a gap between two distinct forms 
(well-marked subspedes)» while on the west bank the two grade 
into each other both geographically and in appearance. Tlic 
reason for the greater isobdon on the cast is not dear. 

The ecological and geographical factors in the distribudon and 
differentbtion of birds arc interestingly disenssed by Palmgren 

(1938)* 

By fax the commonest method of geographical divergence and 
probably of divergence in general, is that which we may call 
cco-gcographicak in which the primary fact of spatial separadon 
of groups is combined with a^ptadon to the peculiarities of 
the areas in which they find themselves * 

Wc have already given examples of this from a mammal 

* Rauch {ipSJjJii indeed, csmsidcf? the tbe only tuiportanc method of 
but he Edli to deal with gfinLetic udbtbn, iud oegkeo eco- 

li^icai divergence or includea cemin aipecti of it tmdfr the geogtapb^l bead. 
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{Permnyscfis) and a motli (Lymcntria). What is probably another 
example comes from amphibia, Witschi (1930J has stuched sex- 
difierendadon in the common &og of Europe. In this animal, 
diUcrctit geographical races have diHcrcnt methods of gonad 
development. In the diflferen dated races, sex-dtl^icntiadon is 
clear-cut 60m the outset. In die undiilerendated races, all indi¬ 
viduals develop as females undl metamorphosis, after which 
jO per cent bc^me transformed into males. In the semi-difier- 
endaicd races all individuals start as females, but the transformation 
of die genede males to phenotypic malcness occurs earlier. 

A study of types from many localides brought out the fact 
that the undifferentiated races arc confined to the regions of 
Central and Western Europe, wluch were not glaciated in the 
Icc Age, while the did«endated types arc found bodi in the 
nordi and in Alpine valleys, with semi-diffcrcudated in an 
intermediate zone. The divergence of the various races must then 
have taken place since the end of the Ice Agp. In addition, the 
races show obviously adaptive difference in habits. On arriving 
at a pool or being brought into tanks in the laboratory, the dider- 
endated or short-summer races lay eggs immediately, while the 
undifferentiated may not lay for one or two weeks. The time- 
reladons of spermatogenesis arc also adaptive. Witschi believes 
the dif&rences In sex-diderentiadon to be determined in some 
orthogencdc fashion, but they are probably correlates of funda¬ 
mental adaptive processes sucb as rate of metabolism, promptness 
of egg-laying, etc. Local colour-varieties occur, but have no 
relation to type of sex-developmcnt. The physiol<^;ical difier- 
mdadoQ of the beede Carahus nentcratis has already been 
mentioned (p. 206). 

Witschi’s case is similar in its gaieral evolutionary significance 
to that of the geographical adaptation to diderent temperature^ 
conditions found in Dr0sophila fimehris (p. 191), It is probable 
that further research devoted to thb point will reveal numerous 
other cases of such climatic adaptation in morphologically in¬ 
visible but biologically important characteristics. Porter (1941) 
has demonstrated different egg-cytoplasm effects on early 
development in two geographic races of frogs. It will be interest- 
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ing to discover whcdier such diffcrctitiitiott nonnaJly shows the 
phctiomcnon of partial discxHitinuity with relative unifomiity of 
duracter over considerable areas (p, 209). 

Baily (ipJS)) exhaustively analysed the physiological 
peculiarities of two morphologically indisdngttUhablc local 
populations of the water-snail JJmnaea calumlle, and finds that 
they difier quite oonsidetahly in inherent mortality and longevity, 
fecundity, and rate of growth. One very ctirious fact is that, 
under the optimum conditions provided by laboratory culture, 
one type only was able to grow regularly into a large form of 
peculiar shape, which conchologists dignify as a separate variety; 
here we have a good example of inherent difference in develop¬ 
mental pocentiaUty. Further research will be needed to show 
whether such physiological differentiation is sporadic and local, 
or if well-marked types (physiological subspecies) extend over 
large regions. 

A case where isolation has enforced new' habits, but not as yet 
new generic adaptation, is that of the situtunga antelope [Trage^ 
Liphui spekii) on Nkosi island in the Sese archipelago of Lake 
Victoria (Carpenter, 1923). This species is normally an mhabitaut 
of papyrus swamps; but there arc no swamps on Nkosi, so the 
buck on this island have become virtually bush-buck in habits. 
Their hoofs are short, not elongated as is normai, but this is pre¬ 
sumably a mere modificational di^rence in wear; they do not bark 
in the usual way, and are exceedingly tame. If the Nkosi situtunga 
should eventually become a genetically-adapted subspecies, we 
should have an example of organic selection (p. 304) following 
on isolation. Somewhat similarly, the feral camels of southern 
Spain, released over a century ago, have become restricted to 
inarsh life, and have not colonized neighbouring sandy areas 
(A, Chapman and Buck, 1S93). 

An excellent example from birds is the vridespread North 
American shrike, L^ius imlovidantts, the dUcribution and ecology 
of which has been thoroughly mvestigated by A, H. Milter 
(1931}. Of this species he describes eleven subspecies, distin¬ 
guished by ditierenocs in colour, size, proportions, atid habits; 
apart from correlation of colour with climate (see above, p. iis) 
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lie finds certain fntmes which appear to be definitely adaptive. 
Certaui subspecies are migratory, while the others arc not; the 
former arc more e^dent Diets, as measured by a higher ratio 
of wing>-lcngth to tait-lcngdi (differences of 4 to 5 per cent). 
One subspecies is migratory in the nonhem part of its range, 
resident in the southern: the same type of difierence is shown 
here, though as would be expected the difieienccs are much less 
(about i -3 per cent in the ratio). 

Then some subspecies inhabit moie wooded country, others 
more open and mote arid country. The Utter must dy longer 
distances from perch to perch and in pursuit of prey (a deduction 
checked in two subspecies by field observation). In coiieUtioa 
with this they have gtcater manoeuvring capacity, as evidenced 
by greater length of both wings and tail relative to total weight 
(e.g. in the best worked-out case about 3 pet cent longer wings 
and tail with a 6 per cent lighter weight). The island races show 
slightly reduced wings and tail, and larger feet: this is in accord 
with the character of island birds and insects in general, which 
in extreme cases are wingless. An interesting point is that the 
size of the breeding territory varies, sometimes markedly, in 
different subspecies, in relation to habitat and food supply: it 
would be interesting to ascertain if this is a genetic trait. 

In this species Miller finds that isoUdon per se has litdc cfi&ct 
compared with spadal restriction to ecologically difi&rent areas: 
this is well iUustrated by one of the island subspecies. 

hi genera!, he concludes that there are three factors governing 
the magnitude of the subspcdfic differences found: first, and most 
important, the degree of difference in the enviroomeiiL; secondly, 
thp effectiveness of isolation against interbreeding at the margins 
of the area; and diiidly, the migratory or non-migratory nature 
of the group and of neighbouring groups. Sewah Wright’s work 
has made it dear that the size of an area also has an influence, 
small sire of area implying smaller populadon and therefore 
greater scope for accidental variadon. We have noted this effect 
at work in mouso-deer (p. rSj] andin Ifitaids (p. 200). Stresemann 
(verbal communicadon) has given me another example of this. 
Java, Sumatra, and their outlying small islands were all isolated 
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from die mainLand and &om each ocher at approxiuiatcly the 
jame rime in the quite recent geolnagical past. WMe ntunerous 
distinct bird su&spedes exist on t^ s mall islands, the corresponding 
fomis of the large islands show no or much less divergence from 
the mainland types. Here the accidental type of change must be 
decisive, since mete siae of area should not inhibit adaptive 
change. 

An important problem is raised by the empirical fact that 
some species or genera show greater geographical variation 
than others. That exhibited by Lonjus tu^opuimus, for instance, is 
characterized by Miller as “only moderate”. Miller and McCabe 
(193 5) have studied this question in the Lincoln sparrow (Porserf/lii 
li'ncolFfjj), which shows tnneh less gcograplncal dififerentiation 
chan its dose relative the song-sparrow (P. fttrWiu) and the 
fox-spartow (P. i/idr<T). It has only three subspedes as against 
over fifteen in the same area for ca^ of the other species. 

Miller and McCabe reach the intieresring condusion, which 
might have been deduced by the selectionist on theoretical 
grounds, that this is not due to a lack of inherent variability in 
the mote uniform species. Its actual variability is in point of fact 
quite high; but the variations have not be^ sifted out into 
markedly different combinations by selection. Miller and McCabe 
ascribe the differtnee chiefly to a difierence in what must be 
caUed temperament, P. linoilnij tending to remain confined to 
a narrow ecological niche, while the other two species arc 
“adventurous” in rehrion to range and habitat expansion; in 
addition, P. Unahiii U more migratory, ' 

In gcnctah ducks show comparativdy little subspedarioti. This 
is cortelated with a high “activity-range'’, as Tlmofeff-Ressovsky 
(1940) styles area within which individuals of a single genera¬ 
tion may move. For instance, common teal (Weffiun crecca) bred 
in England were recovered next year as far west as Iceland, as 
far east as die Urals (TimofiSeff-Ressovsty, Lc., p. 112). This 
species has only two subspecies, one holarcric, the other nearede. 
The name “abmigrarion’' has been given by A. L. Thomson 
(1923) to describe northward departure in spring, for a new 
summer area, on the part of birds which have made no corre^ 
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Spending south ward journey tn the previous autumn. Abmigration 
is found in other ducks b^des the teal, such as mallard (vinos 
piatyriiYntha), tufted duck (Ayrtjfo ftilijiiila), and shclduck {TaJorua 
tadortfa)^ A high activity-range must dearly be, in part, a coroOary 
of this habit of abmigradon. 

Rensch (19330) has approached the problem broader line$ 
than Miller and McCabe. Taking Ha^rt's standard work on 
palacarctic birds (ipoj-ia) as source, he has tabulated the ratio 
of monotypic to polytypic spedcs (Ld. those without and with 
geographical subspedation], and also the number of subspedcs 


Type of animal 

Per cent 
moiMrtypk of 
toul no. of 
ipcdcs 

Number of 
Subsprciei per 

$pcaa* 

1 . Large bird$ 

i +'5 1 


2. Small birds, migratory 

39-9 

3 'i 

3. Small birds, non-migratory ,. 

29*6 

7-2 

+■ Bats . 

1 82‘5 

2-6 

5, inscedvores . 

71 -9 

35 


^ The ntimbcT of nibipccks nfen to the pabiatmc aia duly. Some of the 
polytypic ipccke ate polytypic when tfani whole nnge b confkieied, but have 
only one mb^Kcki wiihia the palaeapctic. 


per polytypic species, in groups which di&r in habit. He took 
(ij large birds, with consequently a greater mobility, and in 
general also a smaller populatioo-siic per given area (five families 
—^herons, storks, ibises, bustards, and cranes—with fotty-^four 
spedes); (2) raigr^^ory small birds (nine fanrilies, mcloding 
shrikes, warblers, thrushes, swallows, ^catchers, and wagtails, 
with 28S spedcs)and (3} non-migratory small birds (six famiLes 
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— crows, tree-creepers, nuiliatclijes, tits, wrens, and woodpeckers 
—^with Its spores). He applied the same method to Hying t>ersu$ 
reiared non-flying mamnijs (bats and inseedvores, from G. S, 
Miller (ipra, 1924), The resales arc striking (p. ajp}. Schaefer 
(1935) shows that the distribution areas of races are much smaller 
in small mammals than in birds, (See aUo p. 176.) 

Similarly Stonor (193^) has shown that in Birds of Paradise, 
the excessive development of display plumes has resulted in an 
unusually high degree of gec^aphical spedadon, by lescncdng 
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the power of flight and rendering the birds more sedentary. On 
the other hand, the very mobile ducks {Anatidae), as wc have 
just seen (p. 238), with few excepdons show no subspectation. 
The same is true for other active birds such as snipe {GaUini^o. 
etc,) and for the very large and mobile whalebone ssdiales (Dis¬ 
covery Committee, tpjy). Again, degree of subspeciation is 
inversely correlated with powers of dispersal in the rabbits 
(Orr, 1940), 

Mayr (1940) has made similar tabulations, but in this rw in 
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ccbdont not to pecuLiaridcs of mode of life, but to tlie geo¬ 
graphical features of the enviroiuneut (sec Table, above). 

In the continental area of Manchuria, where almost all specific 
ranges are continuous, polytypic species are in the great majonty. 
The internal <iiflerendation of subapedes, however, is not carri^ 
very far, doubtless because of the number of intetgrading as 
opposed to isolated subspcdcs, so that spedes with tnaikedly 
difierendated subspcdcs are only half as numerous as diosc with 
slight subspecific diffirrendadon, and supecspcdcs are very rarely 
produced. Of monotypic spedes, those with restricted range are 
very rate. 

On the other hand, where an old tropical archipelago provides 
ihc extrenic of geographical discontinuity, as in the Solomon 
Islands, the category of superspcdcs is the most abundant, and 
monotypic species arc not only mote abundant than in Man¬ 
churia, hut it is those with extended ranges which now are 
rare. The promodon ofdi&nendadon through isokdou is shown 
not only by the ftcquency ofsupospedes (pp. 179 n., 407), but by 
polytypic spedes more often showing marked than shght sub¬ 
specific differendadon. Once a superspcdcs has differendated into 
an Artenkreh (p. 179), consdruent forms will come to overlap, 
and will be Listed in one or other of the stages of a tabulation 
such as Mayr's. 

New Gtiinca, wbcic Islands and mountains introduce a con- 
sidcrahlc degree of range-dlscondnuity, provides an inccrmcdiatc 
picture. The only excepdon is the slight excess of markedly 
polytypic species over that seen in Manchuria r however, in the 
rath between markedly and feebly difiercnriatcd polytypic 
spedes, New Guinea preserves its intemicdtacy. 

Suck work is an important contiihudon to the as yet embryonic 
sdence of Comparative Systemadcs, which is undoubtedly 
destined to yield results of the greatest importance for generd 
biology. 

The same type of conclusion, though not expressed in numerical 
terms, has been arrived at for the fish of Ainctkan rivers (Thomp¬ 
son, 1931). Large, strongly-swimming and actively migratory 
species of fish show great uniformity of character. Smaller fish 


^4-2 BVOI-UTiaN; TUB htODEKN SYNTHESIS 

show much greater diversity when popuUdons from diSerent 
localities an: coitipaxcd, and the difieioices arc greater when such 
species are restricted to small head-water streams than when they 
occur in streams of all sizes. The difierendadon is not graded 
along the course of the rivets, hut is random, presumably a result 
of the Scwall Wright “drift” effect. 

Although, as we have said, the most frequent mode of geo¬ 
graphical difierendatioD is broadly adapdve, there are many cases 
in which apparendy non-adaptivc didetendadon has occurred, 
either predominantly or superposed on a general adapdve diver¬ 
gence, or as a correlate of invisible physiological adaptadon. 

The divcisificadon of the Hawaiian land-snails and probably 
that of the Galapagos ground-finches appears to be largely 
“accidental” in the biological sense. The colour polymorphism 
of various Pmfflysctu races (p. iSp) shows that colour in these 
forms is not always of direct sclecdvc value. The markings of the 
local species (or subspedcs) Siwrewwt itt^matus (p, 199) appear 
10 be non-adapdve, and in any case show no intctgradadoii with 
the normal type. 

There are quite a number of cases in which subspecies of a 
Rassettkreis, or geographical spedcs of an Arteiihrds^ show sharply 
contrasted colour-distinctions which arc appatendy non-adaptivc 
and mutadona]. For instance, die northern and southern Indian 
robins (T^iomncbid}, which do not appear to interbreed in didr 
zone? of overbp, arc sharply disdnguished by the colour (brown 
versus bbek) of the back of the males (Dewar and Finn, 1909, 
p. 378), chapman (1927) and Strescmaiui (1923-6) give other 
examples. Spatial isobdon, we may say, pemiits a varying 
degree of acddental divergence to be superposed on the complex 
geographical grid of broadly adapdve character-gradiencs. 

A number of dil&icnt effects are all illustrated by the fauna of 
the Galapagos (Swarih, 1931, 1934^ Lowe, 1936). Here, the 
mocking-birds (Afiniidde) and ground-finches (Grespieidttt’) illus¬ 
trate the extreme of mere isolational divergence, while in the 
latter the release from compctidoii has permitted svhat can only be 
described as an abnormal vaiiabllicy and multiplicity of forms 
(p, 326}. The bad-tortobes also illustrate isobrional divergence. 
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while their ^gantisni is ecological, an evoludotiary response to 
island life and its absence of pcedacots and eompedtors, as is the 
flightkssntss of the Galapagos cormorant and the genetic tame¬ 
ness of almost all the endenue birds. The Sighdessness of so many 
insect inhabitants of oceanic islands is sunilarly an example of 
ecological difierentiation, after diverg^cc was made possible in 
the first instance by Isolation: hm the type of difietentiation is 
here more direedy in reLdon to the physi^ than to the blolc^ca] 
environment, winglcssness in insects comdtndng an adaptation 
to prevent being blown out to sea. 

Thus while geographical divergence always depends for its 
inidation on spatial isoladon, it may suhsequendy be linked in 
varying degrees with ecologica] divergence of an adapdve nature, 
and also^ in small populadons, with non-adapdve divcigcnce due 
to the genede acd^t of *^drift^V 

6 , RANC^-CHAflOES SUBSEQUENT TO GEOGRAPmCAL 
DnfEKENTlATION 

As geographical changes may isolate groups and thus permit diem 
to diverge, so, after a certain degree of divergence, further 
geographical changes may permit the differendated groups to 
meet a^iin, (We arc using the term geographical In the broadest 
sense, to denote cliniadc changes as well as elevation and subsi¬ 
dence or physiographic altcradons.) 

This phenomenon appears to have had very widespread effects 
upon existing forms, as we should expect from the rapid 
changes of climate and of sea-level that have occurred since 
the beginning of the Pleiscacenc, and sdll more those which have 
taken place since the end of tbe last glacial period, some 20,000 
years ago. Some of its results ate at first sight very surpruing. In 
what follows, we shall consider not only eco-geographical 
divergents^ but also chose produced in reladon to rt^onal ecolo¬ 
gical {ecoclimadc) diflerenciation, since the effects of subsequent 
migration are essendally similar in both. 

In the first place, range-<hanges may bring together end- 
members of a chain of subspcdcs. A striking example of this, 
cited by Rensch (1928, 1933*1}, concerns the great dc {Rims 
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ttfi^or). There are three imm groups of subspecies of this large 
Rasinnkrdt, extending from west to cast across the Old World 
^the tti^or group in £iirope and ^Vestcm Asia, the boit/uFftisit 
group from Ptnia to Malaya, and the minur group from China 
to Japan: each is well chaiactcriaed, but the central iwfefrarmns 
type intergradcs with both its nd^bours along broad marginal 
zones at cither end of its range. 

However, the western or major group also extends far to the 
eastwards, along a strip north of the areas of the other two 
groups and quite separated from the hoSt/ure/tas group by desert 
and mountain regions, and hnally overlaps with the area of the 
ntrnor group near its northern boundary in the Amur region. 
This eastward extension doubtless is secondary and has only 
become possible through the amelioration of cHmatc since the 
end of the last Ice Age. However, where the major and minor 
groups meet, they do nut mterbreed, but live side by side as 
perfectly disdnet “species”. Nothing could better illustrate the 
relativity of the terms species and subspecies. Rensch abo points 
out that the end fomu of a chain of subspecies may be much less 
alike than good species living side by side. 

Again, Larus ar^eiUatus (Stegmann, 19341 Schweppenburg, 
193 3J forms a dreumpolar chain of subspecies. But the hcrritig- 
guU ( 1 . iojiu sHrirtt?) now lives in W. Europe as a “good” 

species side by side with the lesser black-backed guU (“L. Justus’') 
though occasionally interbreeding. The two dificr markedly in 
temperament as well as appearance (Richter, 193S)< 

An equally good r- jv' is that of the buck-eye butterfly of 
America, yu»i;iijd /dt'tnia (porbes, 1928, 193 i)- This species shows 
marked geographical subspcdatlon. There ate three main 
groups of form4"North Arncrican, Centra] American (induding 
a northern strip of South Aniecica), and South American. These 
mtergrade at dicir boundaries. However, the island of Cuba is 
inhabited by two types between which intergradadon docs not 
occur, and which do not appear to interbreed. Amoisg several 
other disdnedons, these dificr in the presence or absence of a ted 
sctmdrdc round the upper “eye-spot” of the hind-wing, a 
character diagnostic of all the North American group of forms. 
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Apparently the island has been colonized ftotn the north by the 
North AmciicaJi group, and from the south by the Caitial 
American group {by two subspecies, which do intergrade widi 
each other on Cuba). Thus members of the two groups remain 
3S separate spedes in Cuba, while in northern Mexico they inter¬ 
breed. Here the distrihudon is in the form of a chain bent round 
into 3 circle: in the centre of the chain the two types intergrade, 
but the two ends have difierentiated far enough to become 
biologically discontinuous. Other similar examples are g^ven by 
Rensch (1929). Similarly the warbler "spedes" Phylhsapits 
piumheitarsus and P. viridanus are the overlapping but noti-inter- 
breeding cnd^forais of an intergrading chain {Ticehurst, 1938). 

These examples also illuminate numerous casta from Central 
Europe, which on first inspection appear very puzzling, where 
extremely similar spedes live side by side in the same area. The 
most striking case is that of the two species of^ tree-creeper, 
Cerdiifl ftuniliaris and C. broihydiictyla. The latter has a longer 
beak, a shorter but more bent hind claw, and is rather darker. 
There arc also difiercnccs in the colour of the eggs. The two 
forms are so alike that their distinctness was for long disputed. 
However, they appear to behave definitely as two separate 
spedes, and nor to interbreed, in spite of much individual variation 
{Hartert, 190J-35). C bracliydadyla appears to be more plasdc, 
judging from the degree of subspeciadon, 

C.fiimiiittris (which alone is found in Britain) is a more noithcm 
and mountain form, while C, bracbyJtiityla 1 ^ a more southerly 
distribudon; but the two overlap over a large pan of thdr rang;e. 
The more* northerly form alone exists in North America. This 
occurs also with dw marsh and willow dts (p. 270), and it may 
prove that these too owe their separate diffrrcndarioii and later 
overlap to the same causes (see below, p. 24^)1 diougb the^ 
overlap region is more extensive. 

It is of interest that elsewhere one of the two species of tree- 
creepers just mendoned shows an incipient stag^ of the same 
phenomenon. Dementiev (1938) men dons that Certkia ftntiliarb 
in Persia and neighbouring areas exists as a well-marked sub- 
spedcs, C. /. perska, while to the north the type subspecies is 
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found. In the region of the Caucasus, however, the two sub¬ 
species have re-met, prtsuruably after sonic degree of glacial 
isolation, with cx>nscqucnt intcrctossiiig and great variability, 

Sjiniiarly. we have die true nighdiigalc {LHsoitni megarhpuha) 
and the northem nightingale or sprosscr {L. hisama). Although 
these wiD cross if kept together in caprivit)', they remain perfectly 
distinct in the region between the Vistdia and the Oder wliert 
they overlap. The ycUow'-bclhed and rcd-bcllicd spcics of die 
firc-bellicd toad Bcvfibiriif behave in a similar way, 

and so do the two dosely-allied land-mails, Clausilin dubm and 
C. hidiittaia. 

The explanation of al] such eases appears to be simple, in the 
last lee Age the extensions of the northem icc-shcct of the Alpine 
glaciers isolated many species into a western or southern and aii 
eastern or north-eastern group. The exact type of separation 
would have been diflerent for different species. TTiis permitted 
eco-geographical divergence m adaptation to a mild or oceanic 
and a severe or continental climate respectively + Divergence pro¬ 
ceeded so far that w^hen later die ice receded and die mo forms 
were able to extend their range so as to nicety they did not breed 
together. Doubdess this failuic to cross depends mainly on 
psychological barriers; the two species of tree-creeper and of 
nightingale have distinctive notes. Further, the two nightingales 
will mate if kepr together in captivity: none the less, they do not 
in actiial fact mate in nature and must therefore he regarded as 
“good"' though very closely-related species (see also p. 254). 

Probably the common and mountain hare (Ltpus europimis 
and L. timidus) diflerentiated in a similar way after glacial isolation 
and were afterwards able to colonize the same areas. In this case, 
however, the mo spedcs arc separated ecologicallyp even where 
they overlap geographically, the mountain hare* as its name 
implies, being an upl^d animal as contrasted with the lowland 
common hare. A fact which throws an interesting light on 
rcg;ional restrictions of an ecological nature is chat in Ireland, 
which was isolated as an island before the common hare could 
reach it, the mountain hare is found in the lowlands as well as 
the uplands. Habitat may thus be as much a matter ofeompedtion 
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as of dose physiological adaptation. However, the Irish form has 
dif&tcn dated into a distmet suBspedeSp which may perhaps have 
been adapted to take advantage of the habitat left open by the 
absence of its competitor. 

The past differentiation and present distribution of the very 
distinct northern and southern forms of the water-beetles 
Dcrofiectes and Gyrirtus (ser Omcr-Ctioperp ipji) appears to be 
due to the sanae caiise. These both occur separate in certain parts 
of their ranges, but intergradc in central Britain. It is interesting 
that on the continent the two types of Cymuts occur together 
without intergradadon, as if differentiation had here proofed 
further, to full spedarioru 

Other interesting examples come from monkeys of the African 
rain-forest. According to ^warz groups were 

here isolated by the large inland lake that pteviousiy tilled the 
Congo basin. When this disappeared, they were able to meet 
after previous differcnriarion. One small area of overlap occurs 
between two markedly distinct types of Mona monkeys in the 
Camcroons, and two similar overlap areas^ one of moderate and 
one of large size, between two wcU-differendated types of 
Colobus monkey^ each with several subspecies, in the Lower 
Congo and in die forest region between Kuwenzori and the 
Congo river. Schwarz puts all the Mona monkeys into the one 
species Cerrupt//icrHj mana^ and all the forms of Colobus into one 
species, CvfuW pcj/yix?fflas; but since no mtermediaies or hybrids 
have been found in these areas of overlap, it seems dear chat we 
should consider the differenriadon to be of specific rank in both 
cases. It is fair to state chat some auchoriries do not agree witii 
Schwarz's taxonomic groupings, 

Doubdess with the progress of faimistic work, many sim ila r 
examples will come to lights 

But, clearly, differentiation need not always have gone so far 
as to prevent the two divergent forms from, mccebreeding when 
they meet again. This, it appears, is whac has happened in Europe 
with the subspecies of the loug’^aikd tit, Aisgitkslos cstidatuSf and 
the bullfinch, Pyrrhuta pyrrhuU. 

As regards the bullfinch, Stresemann {1919) distinguishes a 
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northern and eastern form, P. p. from west Siberia, 

northern Russia and Scandinavia, and a southern and western 
form, P, p. tfiMier, from north Italy and western Europe, including 
western Germany. In addition, there is the bullfinch population 
of central Germany and die north of die Alps. Tliis appears to 
inter grade with bodi the other forms, and diows an uiiusuaily 
wide range of variation in size. Stresemann considers it as die 
product of mixture berween the other two subspecies, over a 
broad area into whidi they have re-immigrated after isolated 
differentiation.* 

The longtailed tits, Ae^itlislos cuiWirtHf, show similar behaviour. 
On the condncnt of Europe and Asia there is a nortliem and 
north-eastern subspecies, A. c. emt^atus, with white head, and a 
southern and western subspecies. A* c. cuT&pAeus, with dark head- 
markitigs. Stresemann (1P19) and Jouard (19^9) have studied 
these fomu. There is a broad zone in west central Europe where 
excessive variability occurs, appaicn dy due to intercrossing of the 
two types on meeting, f 

Stresemann also considers the dine between the eastern and 
western European nuthatches (p. iip) to owe its origin to cross¬ 
ing of differentiated types, whde ocher authorirics consider that 
it differentiated, in direct relation with an environmental gradient, 
within a continuous population. A. H, Miller (i 9 J^i I 939 ) fmds 
that various “subspecies” of birds of the gjenus Jmtc^ arc the 
product of fusion between two or more subspecies which have 
met after prclunmary differentiation; subspedfic hybridization 
may here dso produce striking rccombinadons, and small stable 
popubrions of new type {see also p. 291), 

In these cases, the differences betwe^ the two groups arc not 
very great. In the crows, however (Mcisc, 1928), the dificrenocs 

• It ihciuld be noted, howevM, that Haitert (lS)03-3 J, svppl. vol., p. 5J) SHtgni 
the mixed form entiftfly to P.p. minor. This may make for sysoiiaoc 
blit tbc gcDgtiphkiJ distribiiioii stii^gesa that StrcKinmiii*! view k ui prLnciptc 

f Ag»iq it k 10 be noted that KlcmfiiCkinjdE (1929) dingn^ with tkk con- 
cliisinr4 coruidci:^ that the tpectn ai a whole is very v^iriibk znd that the 
Diixed rjKc docs not ihow abiionniil variability* This only diowi bow hand ii 
ii to arrive -it fimJ derisions citci'pt in d»r-aii castes such the crowi and 
JlidtcK (kc bdow). 
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m Striking, the carrion crow, Conms c, ccrcite, being entirely 
black, while the boodie crow* C* c. contix, has a light grey mantle. 
So distinct arc they at first light that many ornithologists (c.g. 
Karrcrt, 19^1-35* stjppL voL, p. 6) still prefer to regard them as 
fiiU ipccki- It should be noted that if they are to be regarded as 
snhspedcs, then we must introduce a still further category, since 
each of them shows definite geographical dificrentiation into 
"regional races* ^ According to Meisc, they exhibit no essential 
differences in behaviour, voice, or ecological preference, and 
should therefore be better regarded as subspecies. In any case, 
where their breeding ranges overlap, they interbreed* and the 
hybrid popul^on shows what appear undoubtedly to be the 
results of raenddian cccombimtion, the ofispiing of a single 
pair often differing a great deal in regard to the amounts and 
distribution of black and grey. The geographical distribution of 
the two forms is at first sight curious, with three zones of inter¬ 
breeding, as defined by field observation in the breeding season 
of birds of obviously mixed origin: one of these runs across 
centra] Scotland; a second from near Genoa, along the south itdc; 
of the Alps, and then passing northwards to reach the Baltic ui 
eastern Schlcswig-Hoktcin; and a third in Asia from near the 
mouth of the Yenisei, southwards to the Altai, then south-west 
and west towards the Aral Sea. The total length of these scocies 
is over 5,000 km. and their average width quite narrow* from 
75 to 150 km. (Mcisc considers that the breadth would prove 
to be considerably g;Feater if an intenstve study of skins were to 
replace field observation.) These zones, it appears, can shift their 
position; see pp. i 83 , log. 

Since these crows appear to be ecologically dependetit on die 
presence of trees, it appears quite reasonable to suppose that 
during the last glacial period the crow population of the Eurasbtic 
land-mass was segeegated into three discontinuous group, one 
in the south-west of Burope* a second in southern and south-* 
eastern Europe and the Near East, perhap as far as the Caspian, 
and a third probably in eastern Siberia, if we assume that the 
central group evolved the hoodie pattem, the spread of the three 
group subsequent to the retreat of the ice could perfectly well 
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bring dicm into contact as indicated by the present m™d zones. 
The hoodie*s colonization of northern Scotland from Scandinavia 
and of Ireland from northern Scodand^ fits in with other ^o-gco- 
graphical facts (efi the distribution of the niountam hare* p. 246)-* 

An almost more striking example comes from North America^ 
and concerns the eastern and western species of the woodpeckers 
known as flickers, Ci?]iff/es m*r&ti£S and C. (Allen, discusse^i 
by Bateson, 1913). These arc by most auihorkies regarded as 
good SjX^des and both exhibit distinct geographic subspecies, 
C mirfftus ranges over most of due continent east of the Rockies, 
and in the north extends westwards to Alaska. C* tifer is from 
the Pacific coast, Betu^een the regions in which they arc found 
almost pure is a band, 11200-1,300 miles in length and at least 
jao-400 in width, where the majority of specimens exhibit 
characters from both spedes in various combinations. Some of 
the characters in question are striking: for instance, quills yellow 
versHs red (in every case the character of C, aurmus is put first); 
male "moustache'" black versiis red; female *^moiistache^' absent 
t/ersus brown; nape-patch scarlet versus absent; throat brown 
versus gtey; top of bc^ verstis brown. 

The charaenns of the *^mixcd^' birds, as Bateson very clearly 
points out, are only explicable on the hypothesis of crossing 
followed by the rceombbation of a number of independent 
genes- Even birds from the same nest may show marked rccom- 
binatory variation (as with human famitics)^ 

It seems clear that the two species originally diverged at a 
period when the glaciated Rockies provided a complete barrier 
between them> With the regression of the ice, the two types 
could meet along the zone of the Rockies, and C. aumtus could 
extend northwanl and westward in Canada mitil there" too it 
met C. cafer* The meeting is secondary to the divergence^ and the 
intergradacion and interbreeding have not always existed, as 
seems to be the case with many subspedt^s of wide-ranging forms 
like Peromyssus (see also p^ 291). 

* MeiK (dp. at.) bclicvica chit the bUck (cvrivii crow) type is rtic btcr- 
evolved. His rcjuom> bswever* are *f do getietk or Lvoldckina^ v^dity, aird 
his codicluEinn would imply the indcpcrKleikt evolution of llie black type in nue 
Ajneticaii and two separate Eixrauatic arcaJ, which is mo^ unJikdy. 
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Later work (TavetneTt i^34^ verbal information from 
A- R Miller) indicates that sporadic "'mixed'" birds are foimd 
over a much wider range than earher supposed. Tavemer believes 
that sufmuj is mote ''aggressive" and that its characters arc 
spreading westwards faster than those of irofer eastwards. 

Another North American example concerns the two warblers 
^rnffiwra pinus and K r/irysopfertf. These are sharply distin¬ 
guished by their markings; the former is a southern^ the latter 
a northern form. These show a mixed zone of interbreeding at 
the Junction of the ranges from northern New Jersey to the 
Connecticut Valley, and casually to eastern Massachusetts: hete 
a wide range of segregants occurs. It is uiccresting to note that 
intergrading and segregation also occur in regard to the songs 
of the two forms. (Qiapman, 1924 ; Bateson, 1913O Here the 
history of the two forms and the reason for their initial separation 
is not so clear (see also p. 254). 

Chapman p though suting that no ornithologist would question 
the specific distinctness of the two warblers and the two flickers, 
points out that in notes and habits the flickers are very much, 
the warblers fairly alike—Lc* no or slight psychological barriers 
to mating have been developed. This is in contrast to the eastern 
and western meadowlarks and 5 + Here 

difiercitdation has given rise to quite unlike calls and songs, and 
where the two overlap after coming together again sub^quent 
to the lee Age, they do not form a zone of general mpcturc^ 
though occasional intermediates, apparendy due to sporadic 
hybridizing, do oocur. 

Another clcar-cut case is that of the gracklcs . {Qtiftftfliis} in 
eastern North America (see Chapman, I 93 ^p * 939 i ^ 94 ^)* 
Chapman now regards all the forms as subspecies of one 
species, Q. qtiiscula. Apparendy two populations were isolated 
during the glacial period, Q. dctitas in south-Hcastem Texas 
and quiscula in southern Florida. The latter^ in its post¬ 

glacial spread to the north and west, has diffirrentiated into a 
further subspecies, Q. q. siOiteL The western form appears to have 
extended its range more rapidly, now being found in the northern 
New England seaboard. It has met and hybridized widi Q, q. 
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stotu'i over a long belt extiending from western Louisiana north- 
ca^watfLi to Cape 0 x 1 , a distance of sonic 1^500 miles. The 
iiitcrinixtorc is similar to that of the flickers^ except that die two' 
parent foniis are nm dilicrendateil by such sliarply contrasted 
single characters, diot the hybrids present a more regular and 
finely-graded series of intermediates. The hybrid population has 
been christened Q. ij. An tmcrestiiig 6^curc b dial the 

wUltli of the interbreeding 2:one increases steadily from about 
lorty miles in the soudi-wcst to ahnost two hundred miles in the 
north-east. This, it may be suggested^ is a rime effect. The hybrids 
may be presumed to be at a slight sekerive disadvantage as com¬ 
pared with die pure parent forms, wliich would lead to a restrict 
rion of the hybrid zone. But the two types must have met carhcsc 
in the south-west, so that selection lias not operated for so long 
in the northr-cast (see p. 287). A curious minor point is that at 
the eastern end of Long Island, the great range of hybrid variation 
is absent, and go per cent of the popidatiDJi arc diarply inter¬ 
mediate. (For chickadees^ see p. 180.) 

The red-tailed hawks (Bufe^ bon alts) of N. America (Tavemer, 
1 ^ 2 ?) piesciit an amazingly compkx picture. Two maiii sub¬ 
species cxisr, in the cast and die west icspccrivcly, the latter 
diphasic and also very variable. Botli show what Taverner con¬ 
siders iticipient gcogtaphicol difierentLapou in ccrtam regions, 
hi the tjotth-wesc, prcsunubly by post-gbdal range-change^ 
both the major and both the minoi types liavc come to overlap 
and interbreed, giving profuse recombinadon. Finally the bird's 
roQiadic habits appear to disseminate individuals far from their 
original home (sec p. 555). The species would repay exhaustive 
investigation. 

Demenriev (t93Sj pves numerous examples from eastern 
paJacarctic birds. In the shrike LatuHs wHurh in portkular, there 
exists a large region peopled by hybrids between L, c, coHurio 
and L. r. phocnicuroUcs. 

Stuart Baker (1930) gives similar examples in pheasants. 
Bateson (igt^^ p- 160) cites further examples in birds and bucter- 
dics, namely the zones of hybridizatioii between two dbtiiiCl 
species of roller (Orflci^u) in India, and Ikiwccii two very distinct 
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spedcs of white atJmira] {Limatitii or Ejm/dfr/iiei) along the quite 
nirrow line ofjtmcdoii of their rangics. 

In mammab simiUr phenomena occur in the hartcbccst ante^ 
IopC5 (A/ce/jjp/ii(s) in the rift vaDcy region* Raxton and Schwarz 
(1929) give graphs which diow that the hybrid forms exhibit 
bimoiil frequency curves^ as would be expected, for certain 
characters. Banks (1929) gives faces which support the idea of 
hybridization among certain monkey species in Borneo. Here the 
diflcrcnt forms arc separated alritudinally* 

In a considerable am of the north-central U^S.A. (Sweadner^ 
1937), the whole popuiadon of the moth P/(ifys0Ht£f appt^us to 
have been produced hy hybridusiticiTi between two distinct 
species^ which again have met owing to post-glaciai range- 
extensions after dificrenmttng during the glacial period. The 
area here is a triangular otiCt expanding towards the north. The 
characters of the hybrid population appear to be graded: if 
we should then have a getwcline^ dependent on a balance between 
two opposed streams of gene-flow. 

Dr. A. P* Blair (1941^) has invesrigated similar chough more 
complex phenomena in die toads fowUn and B. itfoodhoiisi 
in the U.S.A. 

A case from butterflies that seems very similar to the flickers 
is that of jidcii! J. ijgesiis and A. tf. orfttccrxej. After the Ice Age^ 
the two must have met along the coast of Northumberland and 
Durham. Here marked segregation occurs, giving striking 
recombinations along a rough genocline (Harrison and Carter, 
1924). It is uncertain where the two subspecies origbially difier- 
entiated. Harrison and Caitcr suggest Irchnlforimxixerx^J. but th^ 
is no evidence for its occurrence there to--day {Donovan, 193^)- 
A somewhat diflcrcnt phenomenon is recorded by Carothers 
(1941} for two species of North American grasshopper^ Triiwe- 
tfopis cifriffd, a form &om sandy river banks, and T. 
from coastal sands. Both of these are remarkably constant in 
their characters. An intermediate and very variable form 
been described from the north sSiore of Lakes Ene and Chuano, 
an area separated from the range of cither pure speocs. Carothers 
has now synthesized all known variants of this in the Fa and 
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backcfosses from creases bct^^ccn the two pure spcdcs. It may 
ber horded that the Great Lakes form has been produced by 
hybridization^ but at some earlier date when conditions were 
different and permitted die two pure species to meet and cross 
in this locality. When conditions cl^ged* the hybrid form must 
have been able to maintain itself in this locality, while the others 
were compelled to retreat. This, however, is purely spcculativep 
and further investigation of this peculiar ease is desirable. 

Lack (i94oi) has an interesting discussion of the role of habitat- 
preference in spcciation, which, in addition to its intrinsic interest, 
has a bearing on some of the problems we have just been dis¬ 
cussing. The origin of a marked di&^ncc in hahitat-piefcrencc 
must be, in his opinion, due to historical accident—c.g* through 
a group of a woodland species bdng isolated in a region with 
only one particubc sort of woodland avaibbk, and its behaviour 
dicn becoming gradually adapted to this type of habitat. He 
comes to the conclusion that habitat-preferences axe not of signi¬ 
ficance in originating the isolation leading to speciadon^ but that, 
once evolved, they may play a part (together widi madng 
reactions) in maintaining the distinctness of forms which have 
re-met after differentbdon. 

Thus the nightingale and sprosscr (p. 246) not only differ in 
their songs, but frequent quite dificrent habitats, dry and very 
damp woodland respectively. These behave as “good species"; 
but in the case of the bullfinches and the longtail^ tits (p. 248) 
the habitat-preferences of the two groups have remained similar, 
and they have therefore remained as subspecies, and interbreed 
where they have come to overlap. 

The North American warblers of the genus rrmfvom (p* 251) 
intercross regularly where they overlap, in spite of considerable 
differences in plumage and song. Their habitat-preferences isolate 
them partially, K chrysoptcra preferring higher slopes^ but they 
overbp considerably. If their habitat-preferences had differentiated 
somewhat further, they would not have bad [he oj^pormnity of 
intercrossing. W:^ sliall incc£ wiili similar cases ii5 tnammals 
(sec pp. 271, 283-4). 

Difltrentiated forms may come to occupy die some area not 
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only by the process describedi on pp. 243 seq* but by onmigradon 
at different timeSp This “double invasion” (Mayri 194^) h com¬ 
monest on oceanic islands. However* the weasels (Mustfh) 
probably carried out a '^Mouble invasion^* of S, America (E. R. 
Hall, 1939) ; and the case of Bams ms^or (p* 243) is simiki. If 
sufficient differentiation has occurred between the waves of 
immigration, the forms will behave as ^^good species^ \ like the two 
chaffinches on Teneriffc, FringilU aw/efcj c^jridrieitjts and F. * 
or the three species of whito-eye (Zuj^rrups) on Norfolk Island, if, 
on the other hand, differentiation has been slight, the phenomenon 
will not be nodetd^ as the new immigirants will blend with the 
old. If it has been of moderate extent, obvious hybrid populadons 
will result* as in a species of brush turkey, Megapodius (Mayr, 
1931-40. No. 39)* 

It is interesting that in certain cases the zones of interbreeding, 
notably in the crows* arc so narrow and apparently so stable in 
posidorL Tliat of the flickers, on the other hand, is much wider 
and its width is quite possibly still incrosing* It is dear that a 
theoretical analysis of the genedcal problems arising from the 
mccring of two distinct types capable of free interbreeding would 
be o f great mtercst. 

In general* we should expect that the development of regionally 
stabilized g^c<omplexes, together with the effects of isolation 
iji accumulating difletences impairing fertihty or viability 
(pp 360; Muller* 1940), would account for the restriedon of the 
zones of recombination. The greater the impairment of fertihty 
or viability suffered by the hybrids* the tianowec and sharper 
will be the intergrading zone. 

According to an interesting verbal comuiunicarioii from Mr. J. 
Dunbar of Spyrtie* MorayshLct fifty years ago all tbe breeding 
Crows near Elgiti were hoodies. Soon afrer this be remembers the 
first nesting of the c^uxion crow in tbe district. TonJay the 
breeding birds are all canion crowSt implying that the zone of 
interbreeding has moved north-westwards. If so» this would 

* Thoc iwo fonm are of furdber intciKat* since boch. in corrcbridii tbe 

pctinic diniatc, ihow sLmiUr colaur-dun^o, tbe liccr immigrviE (uw subspcc^ 
of F. c^Jeht) to lowT degw than fhe «rlkf* which h;is hadtime to ichrvi foil 
ipeciaiion (see Mciiu:rt 2 ha|^cti. t^i)- 
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indicate^ first that the carnoii crow in Scorland enjoys a slight 
selective advantage as a breeding specks over the hoodie, and 
secondly that those aones of hybridisation, as suggested for the 
genetically similar zones of mtcigradadon between contiguous 
subspcciesp may alter their position without losing their sharpness. 

A curious case is provided hy the sparrows (Mtise^ 1936; 
verbal inforroadon firom the late E C* R. Jourdain). Without 
going into detail, wc may say char m Spain the house-sparrow 
(Paisct dm^estiais) and the related R. kispmiolemis exist as weU- 
dcfincd and wcll-Iocalizcd spedcs, the former near human 
habitadon, the latter in open country. On the other hand, in 
North Africa and also in parts of the Near East the two are found 
togetlicr. interbreed* and produce every kind of intermediate 
over considerable areas. TJie pbusible suggtsrion has been made 
by Klcinschmidc thac hbpt^^tht^is is an original inhabitant 
of the countryside in Spain^ while P. domesticus is a later immigrant 
and, being more of a parasite of maiip has there remained more 
urban. In Africa and the Near East, on the other hand* he suggests 
that both arrived more or kss simultaneously and began. CO cross 
at once* before ecological segregation occurred* and that the 
mixed types show no sharp habitat-prefcrcnccsL In any event we 
liavc the intcresring phenomenon of two good spedcs differ- 
cndaccd in different regions but intercrossing freely when brought 
together by drcunistanccs (see p. 25 tf)* 

The two common spedcs of rat provide interesting examples 
not only of migration after initial diflercDdation hut of further 
diflcrcnfiadoti consequent on inigrarion, A useful sainmary is 
given by Hinton (1920)^ The black rat (Ratms was origin¬ 
ally a more or less tree-living animal^ yellowish or reddish- 
brown above and white below* from Ind^ Burma* and nrighr 
bouring regions. The brown rat (K, mrvegiais), on the other 
hand* had its original home ii^ Asia north of the great mountain- 
chains, and b typically gtcy or brown above* with a silvcry^-grcy 
belly. The two may be regarded as having originaily been 
diffcrendaccd as mutually-replacing spedcs of a geographical 
subgenus (^^ncrjJtrris). 

TcMlay the black rat is touird in three main varieties or snh- 
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s^Kcics: iIk' roof ra t, wliicli is the typical fsiighid fomu cliaractcr- 
kiic af liulin 211J die Western Meditcrrailean; tlic AlcKajidrinc 
rat, a <,Lrker fnriii, widi brtiw]>ish-grcy back and dingy belly, 
cliar.icteristic of Asia Minor^ North Africa^ and ccTtaiii [ntlian 
proviners' and tJic true bbct rat, characteristic afcold-tciiipcfate 
Europe, with black back and siiioky-prey belly* A black variety 
of is also kjsown, this tixj Irotn Western Europe. 

Cottiniercc and navigaUeui have carried both species all over 
the world. The black rat was probably not introduced itito 
Western Eurc>[x: until the Crusades^ the brown rat certainly JKJt 
until ihe eighteenth century. The coinpcciuon between the two 
types is coiiipicx, the brown rat being more vigorous but more 
dcpciidcnt on w^atet^ wliilc tlic bLck rat is favoured by warintli 
and by ciivironincnts where climbing is needed. Tlitis the latter 
remains tlic dominant species in cotiiitries like India, and al-^i 
on shipboard, but rlic brown rat hn.s almost eoniplctely otisted 
it from temperate countries. However* of recent years the black 
rat is obtaining a fwitliold in teiiipctate ports, where U obtains 
access from sliips and where nn’Klcrn tail buildings put a pfcmium 
on climbing ability, while also discouraging the brown rat. 

Perhaps the most interesting fact concerns the dcvclupniint of 
iJic colour varieties. It seems dear that in the rats (whicJi thus 
constitute an exceptit^n to Clogcr's talc), lower temperatures and 
indoor life both favour darker coloradoii, and diat the Alexan¬ 
drine rat difierentiated from tJic origina] JJ. in nitxlcratcly 
cool regions, the true black rat in still cookr chmates. The lull 
black form appears to iiavc differentiated in Westeni Europe by 
1530-^1.e* in less than five hundred years from its Em intro- 
ductit)iu t)nce diflcrciitiatcd, the diree forms {one may jxrh*ij>s 
tall titein subspecies, though of a radicr unusual typt‘) have been 
still further LitSieniinatcd by man, and mixed groups of two or 
of all three types may occur; mcndelian scgicpdoii may dieii 
Ix! found in a single litter. 

Most striking is the fact that a black varkry of the hrowii iLit 
lias JifTercntiated within the last two JiunJred years, first JescribcHl 
from Ireland in 1H37* it has since become coniinoner and has 
extended its ninge in Uritain. In E. Africa, (A/a>r*>rjjy,v) 


25S EVOLUTION: THE MODERN SYNTHESIS 

(otuha has recently produced black forms, but only in modem 
buildings (Hinton, Ip20, p. 4 n., and irt verhis). 

Undoubtedly many cases of spcciesdiybridization in plants are 
due to migration bringing dilierendated forms together, A good 
example is due of the knapweeds CerUaurea jaeea and C. nigra in 
Britdn (Marsden-Joties and Tunill, 193 ®)- former is a more 
recent immigrant, largely introduced by human agency, in 
various localities extensive crossing has taken place, producing 
segregants and back-cross types of all kinds, sometimes to the 
extent that the pure C.joita type has been eliminated, and only 
its genes remain, in various recombination and degrees of dilution. 

Turrill (1939; and in Watson and others, 1936) mentions the 
fact that the defoicstadoii of the Balkan Peninsula by human 
agency has not only enabled many non-forest plants to extend 
their range, but has frequently permitted numerous spcdcs that 
were originally differentiated in separate areas to meet, "and so 
to hybridize with the production of a wealth of new phenotypes 
which art the bane of the taxonomist but make imterial for 
natural selection". 

A wholesale case of croaing after originaUy separated types had 
been brought together, in this case wholly by human agency, 
is afforded by the introduced flora of New Zealand. In the new 
environment, hybridization has occurred on a considerable scale 
(cf, the sparrows mentioned on p. 25^)- Here, however, the 
position is complicated by the existence of even more widespread 
hybridization among the indigenous flora (see p, jj5), a fact 
for which it is diffi cult to give any satisfactory explanation, unless 
it be correlated with low btensity of seleaion by herbivores. 
Similar cases in animals, but concerned with subspecies, have 
already been referred to (p. 248), 

Besides extensive range-chang]cs of this type which alter the 
degree of isolation, contaa, or overlap between forms, we have 
those which are concemed merely with the extension or retraction 
of areas of forms which remain throughout in contact with each 
other. We have already discussed these in Ptromyteus subspecies 
(p. ao8), and shown that they are probably dependent on varia- 
rions in population-pressure. Such occurrences are doubtless 
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widespread and when they occur will reduce the closeness of 
adaptation between subspecies and habitat. 

Migration and changes of range have unquestionably been 
extensive in periods of rapid cbniattc chuigc like the recent post, 
and bring many complications into the field of systcmatics. In 
some eases we can deduce what his happened; but in others we 
must remain uncertain. It is, for instance, theoretically possible 
that many eases which we sliall discuss under the head of ecological 
(ecocHmatic and even ccotopic) divergence are in tealirj’ due to 
geographical isolation, followed first by regional adaptive 
diffencntiatioii, and later by migration. In any event rangc-chadge 
has ofbm bccti extensive and iioportatit, and has contributed to 
systenwde diversity both by introducing pairs of species that 
normally do not cross (such as the European trcc-crccpcrs or the 
major and mificr fornis of great dt) to countries where, apart 
‘from such isolation, differentiation, and reunion, the ecological 
niche would have been filled by one species only; and also by 
allowing diJfcrcn dated subspecies to cross and so to produce a 
wide range of new scgiegant recombinations. 


7. THE PaiNOPLES OF OEOOJIAPHICAL DIFFEBENnATrON 

Out of the accuniuladon of taxonomic and micro-evolutionary 
data, illustrated by genede and mathematical theory, certain 
general principles of geographical differentiation an: now emerg¬ 
ing, First, isobdon is per se a cause of differendadon (Muller, 
1940]. This is due to the nature of the evoludojiary process, which 
proceeds by the prescntaclou of numerous small mutadvc steps, 
and tlic subsequent incorporation of some of them in the consti¬ 
tution by selection, or in some eases by Sewall Wright’s “drift \ 
Tile improbability of the mutative steps being identical in two 
isolated groups, even if they be pursuing paraiie! evolution, is 
enormoasly high, so that reprotlucdvc iucompatibilidcs will in 
the long Tiiiv automatically arise between theni. If die direction 
of selection differs for the two group, visible divergence will 
also automatically result, even in tlie absence of iliverge!tee due 
to drift. 
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Secondly, non-adaprive or accidental diflfcrcntiattori may occur 
where isolated groups are small. This ^"drift”, which we have 
also called the SewaU Wright phenomenon, is perhaps the most 
important of recent taxonomic discoveries. It was deduced 
machematiciilly from neo-mcndclian premises* and has been 
empiricaUy confirmed both in general and in detail (pp. 5 B, 200, ctc+)» 

Thirdly, and almost equally important, there is the principle 
of stabilized gcne-compldccs. R. A. Fisher's extension of the 
theory of genic balance enables us to deduce that we may expect 
to find* in addition to the complete biological disconciiimty 
exhibited by species^ a condition of equilibrium which may be 
called partial hhlagiral Jiscorttmuky^ In this cendition^^ which will 
occur in populations spread condnuously over a large region, 
groups showing relatively uniform characters over a relatively 
large area will be separated by narrow intergrading zones where 
interbreeding occun. This is the condition actually found in tlx: 
subspecific differcntiarion of many forms- The existence of partial 
geographical or ecological barriers wUl promote and accentuate 
this type of subspedationp but it may occur even in dieir absence^ 
provided that the region concerned is large enough, and that 
there is enough ecological difference between different areas 
within it (p* 20S)* 

As corollary to this, it becomes dear that geographical sub¬ 
species arc of two biologically distinct types—those chat may 
differentiate into full species, and rhosc that, unks geographical 
or climatic conditions alter, will remain as intcreormected parts 
of a polytypic species. We may call them indep^jtdeitt and dept^dent 
subspecies respectively, 

A further corollary b lhar, since the intergrading zone is 
automatically kept narrow by selection, dependent subspecies may 
be maintained in spite of considerable raJlgc-^:haJlgesT the areas 
of the different subspecies may expand or contract, but the suh* 
specific groups will main rain their distinctness and the in ter grading 
Tories Will remain narrow. 

Fourtlily, we have the phenomenon of graded differentiation^ 
which may be subsumed under tlic head ofchner. A priari seketion- 
ist considerations would suggest that, wherever cnvironmrnta] 
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agciicics vary iu a graded way, organic variation would be forced 
into a corresponding gradation. The matter, however, is not so 
simpk. It is complicated by two facts—first* the fact of partial 
biological discotitJtiuity just discussed, and sccoiuHy the fact 
of migration and range-change. The fact of partial biological 
discontinuity prevents the realization of a continuous gradation 
of characters running parallel with the environ mental gradient* 
and substitutes a staircase or stepped ramp for a uniform slope* 
The mean values for tlic environmentally correlated characters 
of the treads of the stair—die subspecies—dicii show gradacion, 
and constitute an external or inter-group clinc. Tbb type of clinc 
has been the subject of the “geographical rtilt's^' of Glogcr* Allen, 
CEC The gradation within the several subspecies has been niuch 
flattened, and in most eases sdll awaits cnipirical verification; 
when present* it cotistituics an internal dine- 

It is important to note [liat cUncs for difierent characters may 
run hi dilfcrctit dirccdoiis. Thus specification by dines permits 
the comtmcuoii of a new and more compktc picture of variation 
within the species. 

The above statement applies mainly to animals. In plaiits, 
broad geograpliical dines of diis type appear to be absent or 
subsidiary, while there is a iiiurli greater pa'valenoe of less 
extensive ocodines, wliich come into cxistejice by selective 
dimiiiadon from a Urge range of genetic types adapted to 
different ecological requhcmeiits. This disdnedon seerus to be 
due to the riiore random and broadcast mcdiods of fertiliaatioii 
and dispersal found in higlier phots (p. ztO). 

Uangenrhanges will ckarly tend to obsaire die regularity of 
graded diflerentiation* If cxtctisive enough* dicy may obscure it 
altogedier; it inoderaie, dicy Will destroy the tegulariiy of 
eorrespondcncc between intergroup dines and environ men ul 
gradients. Where hybridization occurs, it iutfoduccs an adJiEioiial 
source of disturbance. A special type of rai]ge<hange is die 
cyclical, prixluccd by periodic fluctuadons in population^izc. 
Tlicsc may cause die populadon to spili over at die inargui of 
its area of distribudoii and then recede again (see Tiiiiofeeft- 
l^essijvsky* 1 ^ 40 ). 
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Fifthly, svifMn the Urge atal or regional groups of spedes or 
subspecies, a much greater degree of localized dUTerentiation 
occurs titan was previously suspected. Where a species is distri'^ 
buted in isoUced co'lonies, each colony may difici from every 
other, sometimes suifidently so to deserve the name of micro- 
subspcdcs. But even where distribution is fairly uniform, a 
surprising degree of local variation is to be found if search is 
made for it, both in visible characters and in the compiciuent 
of invisible cecessives carried. Such indpient geographical dilFcrx 
mdadon may be more or less stable or permanent, or may 
fluctuate unstably with tune. When local dUlfcrcndadoti is com¬ 
bined with periodic population cycles, peculiar results may occur, 
periods of great variability (dtutiig recovery after a population 
minimum) alternating widi periods of stability, but during each 
period of stability with the type showing new cliaractcrs (see 
p. 112 and e.g. Dobzhansky, I939<f]. 

It is in this field, of populadon studies on the gcnedcal structure 
of species, that the most valuable results, for evolution as wcU as 
for taxonomy, may be expected in the near future. 

PosrSCEirr.—i. A further possible cause of geographical 
polymorphism (p. 106) is tiiutauon restricted to an isolated area. 
This is found in Coruus corax varitfs, the Faeroes subspcdcs of 
raven (Salomomcn, 1935)- This subspedes was dimorphic, a 
partly whitish form existing in addition to the normal black. The 
piebald form was fairly common in the sixteenth to eighteenth 
centuries, but has now become extinct owing to die depredations 
of collectors. Here inutadon leading to balanced dimorphism 
seems to liavc occurred in the Faeroes alone, 

2. Hovanitz (1941) shows that pigmentary clincs in butterflies 
(p. 214) present "astounding regularities", but dif^ring for 
different pigments. We have (i) melanin pigments in all families, 
(2) ground-colour pterins (orange to white) in Kcridac and 
Papiliouidae, (j) tawny ground-colours tii other families. To 
decreased temperature and solar radiation and increased liumidity 
and rainfall these react thus: group 1, by darkening (increased 
intensity and extension); group 2, by lightening; group 3, by 
darkening in intensity, but either incTcascd or decreased area. 
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1, LOCAL I'ffJtlf CtOCRAFHlCAL OlFtHtENnATtOM 

When we cx^me the question of evolutionary divergence 
mofC doscly, we sJull &nd chat two rather distinct problems arc 
involved- We may perhaps begin fay looking at the matter 
historically» ajid front die point of view of pure taxonomy, 
Two phases may be distinguished in the history of modern^ as 
opposed to Hellenistic and Moorish^ taxonomy^ In the firsts 
which begins with Gesner, Gerard« and Cacsalpiiius^ the primary 
motive was medical. In large measure it sprang from the need 
for identifying the plants prescribed in mediaeval tnedidne^ 
Though reinforced and broadened, first by the emergence of 
contmerdal secd-prodiiction for horriculturc in the eighteenth 
century, and secondly by the deliberate policy of re porting on 
the dora and fauna of the new English aaid Dutcii colonies (sec 
Various reports in die P/n 7 « Trunin Roy. New York Colonial 
Documents, Hakluyt*s the official H&rtuit Affllattfricws 

of the Dutch East India Company, etc.), its prcdominatit cliamc- 
tcristic and achievement was its preoccupation witli die loc^l 
situation^ The major contributions were made by naturalists 
coucemed with the animals and plants of their own country. 
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This icgioiial or local phase reached its dimax in the work of 
Morrison, Ray, and Lumaciu. 

The second phase, sdmulatcd by an mscnsificacion of the 
colonial motive and the extension of horticulcuFa] enterprise 
(e,g, the foundation of the Royal Hoiticdcuial Society by 
Thomas Knight), begins with the voyages of Banks and the 
collccdons of Raffles, Its special characteristic is the impact of the 
Australian and remote Oriental fauna and flora on the scientifle 
consciousness of Europe. The subsequent development flrst of 
steam navigation, and then of the new colonial policy which 
followed the break-up of the great trading monopolies, and was 
more distinctively natioiial in characiei:. conspired to produce 
a new orientation, in which local preoccupations were swallowed 
up in a study of broad geographical distribution. This led even¬ 
tually to the establishment of the great museums, with their 
vast coUcctious and their staff of professional classiBcrs and 
dcscribcrs. This phase of taxonomy had its social roots, first 
in the desire to introduce new and uscfiil plants and animals, 
and bter in the need, from the standpoint both of health and 
of agriculture, especially in the tropics, for identifying disease¬ 
bearing animals, insect pests, noxious weeds, and potentially 
useful crop-plants and trees. 

The first phase we may style that of the herbal, the second 
that of the museum. The first is essentially regional, the second 
essentially world-wide. 

Now let us see what taxonomic problems emerge as a result 
of these two approaches. In the regional phase, tiu classifier is 
confronted with related spedes either occupying quite distinct 
ecological habitats or found together over much of their range. 
In the former case, spatial isolation dearly facihtates ecological 
divergence. In the latter ease, it is generally found that the over¬ 
lapping species show dcBnite though often slight ecological 
differences in babitat-picfercncc or in mode of life. This may 
give us an insight into the adaptive basis for the differenttation 
of the related forms, but we arc immediately confronted by the 
problem of how they are kept distinct and separate in nature, 
and stUl more how they were prevented from breeding togctlier 


S^M lATum. HUOLOCICAU AND CULNIiTrC 265 

ill cpriy stages ot their divergence, A frequent feature of over¬ 
lapping Unral diffi-Teiiriatioii is the sliarpness of certain characters 
dirterentiating the rrlntcvl ft>mis. 

Quite in her facis confront dir iniLseuin system atist hi vest!- 
gating tile vvt>rId-wide distribution tif a group* Wliat strikes 
him most forcibly is the phciioincnoii of geographical rcpUoc- 
iiinit, as described in die preceding chapter. Cfcograpliicai fortiis^ 
whether species or subspedeSi arc normally not distingimhcd by 
obvious qualitative characters, hot by snialJ or general differ¬ 
ences. in colour, si^ts and proper don. Where the differemiation 
appears to he adaprivc, the adaptation is usually or mainly lo sonic 
broad regional inffuence such as clhnate or soil; it is oftai pliysiti^ 
Ingicah and then aceoiiipanicd either by no obvious inorpfio- 
logical dishiictions. or by inorphohigical characters which arc 
purely consequeniial on the physiological adapiatifMi, and not 
thcmst-lves adapiive. 

The question of preventing iiitercrossuig between group of 
tills type does not arise, since geograpliical separation provides 
the requisite barriers. On the contrary, the major biological 
problem been that of accounting for that fraction of tlic 
divergence which is nor adaptive* and this would now appear 
to have been settled in principle, as due to die SewaU Wright 
phenomenon of dri ft. 

The main preoccupation of taxonomy in die past half-century 
has been gcographicaL ToKlay* however, now that tlie principles 
of geographical differentiation have comrC to be generally recog¬ 
nized and ill broad outline understood, attention is once more 
being focused upon the local situation, but in die light of the 
new discoveries of cytogenetics and ccidogy. 


2 . ECOroGICAl- PIVEKCENCM 

We sJiall return later to die basic question of die prcvEiirioii of 
crossing between spatially overlapping species. Our immediate 
problem is die stmly of systematic diversity which is based 
primarily uptm ecologically adaptive divcriy:uec. 

We liave al really p^unted out iliat ccoli^ical and get ^graphical 
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divergence overbp,* and have mentioned, the main different 
types of ecological divergence. These may be summanzed as 
follows:— 

1. With geographical isolation primary: ecogeographical. 

2. Widi ecological spcciahzadoii primary; 

(d) ccoclimatic: adaptation primarily to distinct regions^ 
dilfcring in climatic and other giencral cnvironmctital 
features. 

(t) ccotopic: adaptadon primarily to distinct local habitats. 

(r) ccobiotic: adaptation ptimacily to disdiict modes of life. 

We have also stressed the role which may be played by range- 
changes subse(]uent to differentiation. 

Ecogcographical divergence has been treated at length. Where 
marked climatic difference betwefcn two areas is associated with 
geograpidcal barriers to migration and interbreeding, ecological 
divergence will proceed mote rapidly and good speda may 
differentiate in pkee of mere subspecies. The primarily ecological 
divergences we cannot discuss in such detail, since much less is 
known, or can he deduced, about their early stages. 

The most obvious examples of ecocUmadc divergence are thc^ 
where two species replace each other aldtudinally within the 
same main area. Examples from Britain are the ptarmigan and 
the ted grouse sfodifKS and L. iftufus), die twite and the 

linnet {Cardutlis jlavir&stris and C. cantfibiru; the ring-ouzel and 
the blackbird (Turdiis torqutitus and T. merK/a)' the mountain and 
the common hare tLcpus tiinid s and L. ettropaeui) over most of 
their range; the alpine and the common lady’s mantle 
alpim and A. ifitlgaris). An example from Switzerland is that of 
the black and common redstarts (Pltoenicurus oehrunu and P, 
phoemenms). The difference between a maririme and an inland 
region provides opportunity for the same type of divergence. 
We may insunce the rock and meadow pipits (jlnt/iHS spimiktta 
petraau and A, pratetuis), or the two species of bladder-campion, 
Sikne maritima and S- (see p. 368), 

I’latc ^ vjlimbk diictisiion of the iii whirb he ireats 

the dLLirc-ri:iic inodr5 from a loincwhar aiiTiilaT viewpoint- 
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Ai first sight it would appear very tlifflciilt to maintain any 
real difference bctwixcn such cccx;Iimatic adaptation of distinct 
environ menu! regions within a single g?cographicai arcap and 
ceogcographical adaptation to eimroninenully distinct geo^ 
graphical areas* However, a theorcrically imporunt distincEioii is 
possible. It may be tlut in an originally continuous population, 
those groups mliabiring climatically very dUtiiici regions became 
closely adapted to tltc conditions of those rcgioiis. If selection ii^ 
favour of such adaptation were inicnse, selection would also aci 
to erect barriers to the mtcrbtceding of the groups, since such 
interbreeding would hinder the adaptive change. There is a real 
distinction between eases in which spatial isobdoii, brought about 
by purely geographical barriers, is primary, and ecologically 
a^ptive divergence is subsequent and secondary; and thost‘ m 
which ecological divergence is primary (even if it occur hi 
diffcrctit regions of a range) and tends to erect barriers to free 
ill ccrbreeding. This will be reflected in the distribution* In eases 
where geographical divergence is primary, the range of a geo¬ 
graphical group (subspecies or species) will in general be a whole 
area. Whcrc^ however^ ecological divergence is primary, die 
range of each divergent group will in general consticute a type 
of regional habitat—-all mountains above a ccrtaiti height for 
ptariuigan, all rocky coastal areas for rock pipits—which will not 
constitute a single geogxapbica] area hut will be disconrinuous. 

An example which well demonstrates the intcrcoimection 
between ecological and geographical divergenoe is that of the 
two species of bugle, ch^^^cpitys and rins (Turrilli 

1934). A. r/iJd is a highly polymorphic species found in the 
eastern Mediterranean and eastwards uiio Persia, in various 
natural habitats. A. rfcaiworpiVyj, on die otlicr hand, is fom^d in 
Ctrntral and Western Europe and parts of North Africa, is on 
the whole very uniform* and over a great part of its range is a 
weed of cultivated land. The two forms are connected by every 
intergradation over a zone of very considerable width. In addition 
there is a character-gradient (cline) traversing both forms from 
nortlv'Wcst Europe to the Near East. As one passes in tliis dircc^ 
tion, the plants tend to have a longer duration of lift% become 
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more bushy in habit, with shorter leaf-lobes and larger flowers 
(the gradation rcachuig from xo to 28 mm. corolla-length^, and 
tend totvards corrugated instead of pined seeds i the gradient 
appears to be steepened in the zone of intergradadon. 

Tuirill concludes that the origmal home of the mo fomxs 
was in the Near East, and that A, fhmjoepftys has arisen by an 
extension north-westwards in relation to the spread of human 
agriculture, selection having operated to reduce the variability 
of the stock and to adapt it mote closely to the status of a weed 
of arable land. On this supposition the zones of intergradation 
are not due to interbreeding between two difleren dated forms, 
but to incomplete selective diffcrentjatioii of the more uniform 
front the more variable form. On distribution alone the two 
forms could be regarded as geographical diveigcivts, but since 
A, chmaepityf is so sharply characterized in its ecological requirc- 
mencs, it seems easier to suppose that it was the new ecological 
niche provided by human agriculture which was the primary 
factor in stimulating its diffcientiadon. However, this dirteren- 
dadon could not occur in the original range of the species, but 
only where agriculture was combined with other climadc con- 
didons: thus geographical separadon here resulted from ecological 
diflcrciitiadon. 

It must be, as Turrill stresses, a matter of opinion whether the 
two forms should be regarded as species or subspecies: their 
many important differences, however, make it more convenient 
to give them specific rank. 

The detailed analysis of eases of ccoclimadc divergence has 
rarely been undertaken. However, a careful study has been made 
of the two species of bladder-campion previously mentioned 
(p. 266), by Marsden-Jones and Turrill {1930),* Both are highly 
polymorphic, notably Silette w/ftfris, as would be expected from 
the greater ecologies variety of inland habitats. S. manfima is 
mote restricted ecologically: over most of its range it Is conEned 
to the coast, but towards its northern iunit it may penetrate far 
inland, especially on mountains. S. t’ulgaris docs not extend so 

* Tim C3X couM cgualJy wH he ft^^Eiccl n tme t>f cciotopk divergence* 
The ilifiertni oncgorira of course overlap. 
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far north ai S. Much oi rhc tiararal variation is paralli^l 

in the two spcdcs, but certain variants ?rc foujid only in S. 

k appears likdy that in Britain S. muntimij survived tjic 
lee Age, while 5 - ru/^^iris was a po&t-^ladal inmiigraiiL 
Although under experimental conchdons die two species can 
be crossed, and then yield tiiUy icrdle hybrids, they rarely cross 
naturally in the main portion of die area of their gcograpliical 
overlap* Spatial isolation* due to their ecological prctcrcnccs, 
thus keeps them apart, and they must be regarded as good 
species. However* in some sniallisli tiortlicm areas the available 
evidence suggests that the two have come to overlap regionaUyi 
and that here dxey liave been fused to form a still more poly¬ 
morphic mixed populacioii. If so* this would be parallel to the 
case of the sparrows nicntioncd on p* 2 56, 

The two Speedwells* spimla and K hybrida, are very 

similar in appearance, but arc kept separate by the adaptation 
of the former to a continental* of the latter to an oceanic chrnare 
(Salisbury* 1939)* 

It wiU obviously in ruany eases be diiftcult to distinguish 
cccxdimatic from ccotopk divergence. A ease in point is die 
crested tit {Pams criftMus}^ wliich is confined to coniferous forests 
and to a certain iiange of environmental conditions. Lt many 
areas it thus becomes limited to mountain regions, but elsewhere 
(e-g* Scotland) it descends lower. The special (ccotopic) tadiiT 
than the general (ecoclimatic) ecological con Jidoi is of the habitat* 
however* appear to be much the more important. 

The evolution of the crested tit in Bricaln alFords an iiitcrcstuig 
contrast with that of the cole dt (P. aicr). As lias been pointed 
out by Lack and Vcuablcs (i 939 ) ^d J, Fisher (s94t>c) both 
Species ate rypically restricted to coniferous woodland. During 
the Ust glacial niaxinruni* coiiiicrous woodland extended across 
what is now the English Channel into southern Britain* and bodx 
species were presumably ecstricted to diis habitat* on the 
continent to-day* Later* Britain was cot off from the ml of 
Europe* and its conilcrous forest receded northwards, being 
replaced by deciduous woodland in the south* The British cole 
tit adjusted itself to tlic new conditions by bccomiiig adapted 
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to deciduous as well as to coniferous woodkud, so that it is now 
found over the whole of Britain. The crested tie, however, was 
for some unexplained reason less plastic, so that the British sub¬ 
species h now restricted to the central highland region of Scotland. 

Various complications of simple ecoclimatic divergences occur. 
For one things altitudbi al separation is, of course, often traiislaied 
into geographical separation at th^ margins of die nmge^ the 
form adapted to high altitudes extending to low levels in regions 
which axe too cold for die other form. Numerous exam pies of 
this are given in Chapman's notable monograph (1926) on South 
American bird-life. 

A remarkable example of divergence in ecoclimadc preference 
without morphological diiferendation is that of thjc lesser white- 
throat cnrrucd) cited by Oldham (1932). In Britain this 

is a lowland birdL never nesdng above 1,000 ft.; but in the Swiss 
Alps it is not found in the valicys at all, and breeds only above 
4,500 ft., in pine forests. 

A peculiar ease is that of the marsh and willow dts {Pams 
palustris and P. atnaipillus). Thoc are m many parts of their 
range extremely similar in appearance. The chict plumage dis- 
tmetion is that the black of the crown is glossy in the former 
species* dull matt in the latter. The marsh dt rardy if ever 
excavates its nest-hole, while the willow dt always or normally 
docs so. Furdiec, the notes arc distinct. The ranges of the two 
Fomtaikreise are by no mems identical, P. palustris not being 
found at all in America, where die common chickadee is the 
sobspedfic represenudve of P. atricapHius. In Western Europe, 
P. ranges further north than P. palustris, die latter, for 

instance, being absent from Scotland. In general P. airicaptUus is the 
more northern fornip and ranges higher in moun tainous regions. 

In certain parts of the range* as in England, die two are found 
Within the same area, and arc extremely similar in appearance. 
Elsewhere, however, they may be distinct both in distribudon 
and in appearance: for example in the Alps the willow tit is 
found much higher* and is larger said paler than the marsh tit. 
Presumably they arc ccogcographical species, probably separated 
in the gbdal period {sec p. 246). hi any case they must have 
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Spread extensively since cheir separation^ and under certain .:on^ 
ditiotu now compete within the same area. The distinction in 
nesting habits is a mark of ecological s^cialmtion: in some 
areas diis is also indicated by dificrcncc in habiut-prefercnccsp 
for imtaiicc in regard to type of woodland frequented^ 

A somewhat different case exists in mantnials. In the long^ 
tailed field-mice two closcly-rcbted spcacs* A. 

syipi^kus and A. JlavkciUSt an^ generally recognised* The latter 
is slightly but distinedy larger^ and has more yellow on the chesr 
and neck. The osteology also presents some definite distinedons. 
There is partial ecological isoiariont jtm^kollis being restricted to 
woods and scmbi while prefers more open habitats 

( 21 immermann, 1916), They arc found within tlic same area in 
much of Wcstciti Europe* though jylvdtir/ts has a much wider 
distribution. In some regions^ as in Scandinaviap mtcmiediaces 
are found; but here sylvatkus b a lowland form^ jlaifkoUis an 
upland form* with the intermediates found in the traitncional 
region (Barrctc-Hamilton and Hinton, 1910—, p. 545). How- 
ever^ as the two forms arc traced eastwards across tlic Eurasiatic 
continent they become less distinct, undl in Eastern Asia only 
a single type can be distinguished (verbal uiforniatioii from 
Mr. M. A. C. Hinton).* 

In many cases of apparent ccoclimatic divergence, we must 
allow for the possibihey that the di&tentiation was iu origin 
ccogeographical, and that subscqiietit migration later brought 
the two forms into the same area, where, howevcCp their different 
ecological requirements segregate them into different regions. 
We have given examples of this in a previous sectioiu From 
what we know of the common and mountain hares (p. 24^)* 
we must be prepared for the possibility that similar eases, like 
that of the red grouse (or alternatively the willow grouse) and 
the ptarmiganp may be of this nature. The fact is that compara¬ 
tively little is known on the matter 1 and it would be extremely 
valuable to be able to distinguish the results of ccogeographical 

* Sviriilcuko (l^) ^ icccmiy dmwti dut in tiim ii ^ ccpbi^ 

<ii0crciu-t, A. pK^Uii coTHUming niote food and fewer imccti [tun 

A. sytvaiimi. 
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divergence followed hy migradon trom those of ecoclimatic 
divergence in situ. Systematic mapping of the actual ranges of 
a number of spedes and subspecies as found to-day^ cogecher 
with their probable ranges during the last glacial maximum^ 
would shed much light on this problem. 

In general, as pointed out by Mayr (Stanford and Mayr, 1940)^ 
higher-aldtudc subspecies of birds are larger and darker than 
mid-mountain and to^vland forms. In S, America and New 
Guinea the evidence strongly suggests that most aldcudinal races 
have difFcrentiated in stiui the types are accordingly often con¬ 
nected by “a graded series of mtertnedute populations^*. In two 
cases in New Guinea, however, the local aldtudinal represen- 
tarives seem to have difierentiated in separate localides and to 
have come into their present dose proximity by subsequent 
range-change (cf. the marsh and wiUow dts in the Alps. p. 270). 
The types arc then usually sharply distmet, without intermediates. 
Tliis type of origbi seems 10 liavc been pardcularly frequent in 
N. Burma. 

In Nyasaland the two white-eyes Zosterops virms and Z. 
galensis are separated both aldtudindly and ecotopicaily, the 
former being restricted 10 the borders of evergreen forest at 
high elevations, the latter occurring at lower altitudes and often 
in the intetior of open woodland a$ wdl as the borders of ever¬ 
green scrub (Benson, 1^41). A rather similax difference holds 
for two species of CiVuiym, C mmtdemis and C zotinrhis, and 
for two subspecies of cir^ Pams n. niger and P. w. instgnis. 

We now come 10 eentopic divergpicc. This clearly overLps 
with ecoclimatic. The ecological adaptation of the rock pipit 
spiViult'WiT pvtrosHs) is in one aspea ecoclimatic, to a inari- 
liinc zone, in another ocotopic, to rocky ground (p. 279)^ The 
other TWO coninioii British pipits show ccotopic divergence, the 
meadow pipit {d jy-rafewf/j) being a bird of moors and rough mea¬ 
dows, the tree pipit(jd. frii-^jd/iVj denianding partially wooded areas. 

A case of ecotopic subspedarion in birds wlictc the two forms 
arc kept separate by cheir ecological preferences is afforded by 
the very disdnci salt-marsh and dry luUsidc subspecies of the 
song-spartow [Mehspiza mcloJia) in San Francisco Bay. The 
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king nil ekgatts) and the clapper raE (R. of 

the U*S.A. are restricted to fresb-water and salt-marshes respec¬ 
tively; here the divergence has reached spccios level. {Exampls 
fromMayr, 1940.) 

The caribou tisrai^^us) exists in Canada in woodland 

and barren-ground subspecies. The former U considerably larger* 
but hjjt smaller anderSj in adaptation to the obstacles of its habitat. 
It migrates south in summett the barren-ground form north. 
The two are hept sharply apart by their ecological preferences. 
Ill fish, two subspecies of bream frfiiifiij) differ also in 

time of spawning; the spring form has a much more restricted 
distriburion (Velikokbatkop 1941)^ 

Ecotopic divergence seems to be considerably rarer in verte¬ 
brates than in insects (p. 322). 

Plants provide numerous examples. EHvergenoc in relation to 
the calcium content of the sod b not infipcquentT leading to the 
produenou of caldcole and cakifuge species (or subspecies)* 
Examples of such spcdcs-pairs trom Europe include the bed- 
srraws C^liuirf sax^isiU and C. syhestr^ (the eJafuge type h in 
each case niendoucd first), rhe gentians Gmriafta excise and G. 
clusii, the anemones A. sulph^tree and A, Jphie, and cases from 
RJMeTtdrt>tU Achillea, etc. (Salisbury, 1939)- It is iniercsdiig 
that the anemones are physiologic^y buffered against the 
environmental difference in calcium-content, the ash of the 
calcicole spedes containing slightly kss Ca* In a somewhat 
similar way, animal species may he buffered with regard to 
temperature conditions^ forms adapted to regions of High'S^ 
temperature having, at any given icmpcrature^ a lower mcra- 
bolisiu than close relations living in cooler condirioiis (p. 43 5 » 
Fox, 1939; Fox andWingfidd, i937)« hi the gendans* howev^^ 
no buffering has developed, and the calcicok species contains 
considerably more calcinmi- 

Dr. Turrill tells me that an even greater number of species 
(or subspecies) pairs are diffetentiated in reladon to serpentine 
or its abince. 

The two bedstraws can both be grown in a wide range of 
soils, but in nature they are rather rigidly calcicole and calcifuge 
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rep<^vcly. This is a fiequicnt phenomcnoii, Many plants which 
in the absence of competUioti show wide tolerance are, under 
the more intense selection found in nature, confined to a small 
seedem of thek potential ecological tangc. Edelweiss grovs’s 
luxuriantly at sea-leve! in an English garden; it is a mountain 
plant in nature, owing to its inferior performance in competition 
with lowland types, combined with its wide range of tolctancc 
which will permit it to grow in regions above their capacity 
to colonize. (Sec also pp. 446-7J, 

The morphological distinctions between such ccotopic spedes, 
as between the “biological spedcs" of various animals (see below, 
p, zg 6 ), may be remarkably slight. Thus the two species of 
gentian mentioned were long confused. They both occupy the 
same ecobiotic niche in the Alpine pasture community, and 
dider visibly only in the presence or absence of gteen spots 
inside the corolla tube, and the mode of InserticHi of the calyx 
teeth, Such types are normally kept so isolated by thdr ecobiotic 
adaptations that they are properly to be regarded as species. 
However, just as In certain extreme parts of thcii ranges the 
two ecochmatic spedes of Siltiie overlap and there cross freely 
(p- 269). so in exceptional dreumstanecs ecobiotic species may 
hybridize. Salisbury (1939) has shown that the two o^s, Qitacas 
robur and Q, scis!lifii>ra. arc distinguished mainly by prefer ring 
heavy and light soils respectively (and see also Watson, W.. lyjti, 
J, Kfo/. 24 : 446). Where soils of the two preferred tj’pes mceE 
abruprly, a narrow belt of hybrids is found, reniinding ns of tiir 
narrow zones ofintergradation found betwwn fijariy geographical 
sub-spedcs of animals. Where, on the other hand, !n>ils of a truly 
intermediate nature occur, an entire wood may consist of a mixed 
popularion of the two pure forms together with hybrids. 

Miller Christy (1897) has described the behaviour of the true 
oxlip {Pnrtittla eldfier). This species is in Britain rigorously con¬ 
fined to the faouldcr-day in its highest and most solid areas. It 
hybridizes freely where it comes into contact with the primrose 
(P. vuigarii)^ but for the most part the two spedes are kept sharply 
apart by their ecolo^cal preferences. Interestingly enough, in 
some areas the oxlip is being '‘hybridized out" by the primrow. 
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the zone of inttreroMing apparendy advancing into the oxJJp 
area. On the continent, the oxUp has not such a restricted ecolo¬ 
gical prcfcicnce, and is corrcspondnigly luort abundant. The 
distinction of the oxlip from the cowslip (P. I'crii) is mauitained 
by hybrid stenlity, not by ecological preference. 

In discussing dines (p. 223) we have mentioned the ccoclines 
fouitd in such plants as Planta^o imritima, in which a wide range 
of genetically different forms is didcr«itially adjusted by selective 
balance (p. 103] to difTercut parts of a wide range of ecological 
conditions. These coitditions may be artificially imposed, e.g. by 
the degree of grazing by sheep (see Gregor, 1538/1). 

This typical plant mode of intraspcdfic dii?ercittiation (wltich 
of course may, through subsequent isobcion, lead on to full 
speciation) is usually manifest in a broader way. over larger 
areas, Turesson especially has developed this view. According 
to him, most or at least many plant species consist of numerous 
ecotypes, each adapted to a certain range of environmental con¬ 
ditions. Usually the difTcrentiation is ccoTOpic or ecobiodc, 
related to habitat conditions. To take but one catample, Turesson 
(1927) finds that the grass Poa aipina in Scandinavia comprises 
dpitic, sub-alpine and lowland ecotypes, highly selected in itgard 
to such features as eatlincss and water-requirements. From his 
analysis he draws some interesting biogeogtaphical conclusions, 
e.g. that the lowland ecotypes are not glacia] relies. See also 
Turesson (1930) for more general discussion. 

In still other eases, the differentiadon may be of the same 
general nature but with still broader basis, in rcUtion to climate. 
Numerous examples of this arc given by Sinskaja (i93t) for 
Russian plant species. Thus in grasses like Bromus ujfrnjts there 
arc deftnite “climatypes" (dmiatic ecotypes) which each charac¬ 
terize a particular climatic zone. “Outliers*' of one climatypc 
within the main zone of another may occur, and ate also associ¬ 
ated with regional pcculiacitics of the habitat which make it 
approximate to the zone normally inhabited by the outlier 
type. Presumably, as in Ptantago marititna, but over a much 
vaster area, selection sifts the aitay of ecotypes present in the 
species in accordance with the climatic and other peculiarities 
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of the habic^c. The diifcraice, though of great significance^ is 
csscncinUy 1 quajitiradvc OPC« 

Id many forms^ several ecotypes may coexist in one area, each 
adapted to shghdy dificrent habitats. But where conditions are 
exacting, only a suigle main ecotype may survive over a con¬ 
siderable area (sec c,g* Staplcdon^ 1928 ^ on cocksfoot grass). 
This muldplc-ccotype spcdcs-strncture of higher plan ts is to lx; 
contrasted with ihe regional diferenriadon typical of higher 
animals^ and leading to geographical subspedos: the diflerence 
is doubtless due to the random methods of &rtilizadoii and 
distributit^ in plaim. Another type of spccics-smicturc b pro¬ 
vided by die cxistenoe of seasonal ecotypes^ each adapted to 
flowering and fruidng at a different dme of year: see e.g, Clausen, 
Keek and Hkscy (i 9 J 7 , p- 15}. for the tarweeds 

The ccocline mode of diflerendadon revealed by Gregors 
work may also, it appears, sometimes be pushed further until 
the range of groups is broken up inro wcU-marked ecological 
subspecies or even disdnet species* Salisbury gives two 

examples, both interestingly enough from a similiar rangjc of 
cnvironmemal condidons. Thus the glasswom S^k&mia doikhth- 
slacitya, 5 . h^hacfa (smni stneto), S. and S. dtsdfJihdflfd 

arc found at progressively higher and drier levels of salt-marshes* 
An intertscing ccocopic compheadon is seen in that the moder¬ 
ately low zone is characferi^cd hy S* herbacea when more muddy, 
bur by a dosely albed species, rmiQsissima^ when more sandy^ 
A similar but less complex series is provided by die sca-laveiiders, 
Lmienjam^ (St 4 lw) ren^erd, L. (scfisu slfkic)^ and L. 

pyramidule^ 

Ecoli^cal succession may be the agency which keeps such 
forms sufficiently separate for group-dillcrendaiion and eventual 
spccurion to occur, one and rite same salt-maish at different 
stages in its career being liabitabic by one only of the types. 
Frequently, however, condidons aic such that two or more of 
the forms arc found at different levels of the same marshy so 
that it is difficult to envisage the precise nature of the isolating 
barricts which musi have been operative to effect spcciation. 

In certain eases there may be 3 marked segregadon of ecotypes 
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adapted to highly specialized habitats. Thus we have prostrate 
^"varieties'* of bitttrsw'ect brfx>ni 

sciipdrtus)^ and of the hawk weed llierdcmn umhdhtiu^K festricted 
(and highly adapted) to shingle, cliff-ledge, and shifting sand 
habitats, respectively. All three rctaiii their characters in culii- 
vadon, side by side with the ue^rnial form, fn the Solmntm tlic 
prostrate form has a complex niulcifactorial basis (results shortly 
to be published by Mr. Marsdcii-Jones) i we may expect the 
brecdhig experiments now' being carried out by Dr^ Turrill to 
reveal the same general state of affairs i« the Cythas. 

!n the Irlicradum, Turcssou (192^) showed that the dunc-type 
occurs all along a long stretch of dunes, except near tlie few 
Spots where 'woodland comes down close tn the dunes. He 
interpreted this as nieaning that in these localkiesi cross-poUination 
from the w'oodland form has wrecked die specialized constitution 
of the sluftiug-sand form sufficiently to prevent it niaintaining 
Hselfat all iu its difficult habitat (cK also p. iJfy). 

The considerable gap in characters between die other two 
prostrate forms and the type would impiy diat they too arc 
what we may call **aU-or^nothing'' forms, which may with 
some justice be called ecological subspecies. 

The distinction between them and the less specialized ecotypes 
would then be that they can only niaintaiu themselves as a 
relatively pure population, whereas in eases such as that ol 
Gregorys Plantmariiifna^ each population coritains numbers 
of ecotypes, none of them very sharply defined, and all iiitt r- 
Crossing and connected by intermediates. In diis latter C 3 Se» tiu' 
species is polymorphic^ die selective balance needed to mai n tain 
the polymorphism (sec p. 97) hehig a balance betwee^n the 
selective effect of a wide range of habitats- In tlie former ease^ 
however, true polymorphism is absciitj and a lugldy adapted 
type is maintained as an ecological subspecies in a specia] lial^iLar 
by means of a considerable degree of isoladon. 

Thb type of spceic^structum could readily evolve out of the 
more usual multiple ecotype structure^ doubtless various mter- 
mediate conditions will come to light os research proceeds. 

The two forms of Ajn^a (p. ^^ 57 ) have shown us how the 


zyS evolution: the modern synthesis 

peculiar con ditions of cultivated land may combine with cUmatic 
selection to cause a partly ecological, partly geographical diver¬ 
gence. In other cases, culavation may induce purely ccotopic 
divergence. Thus in some plants, c.g. the weeds Cdiifdlts arpcnsis 
and the fool's parsley Acthiisa ryiupiirm, dwarf strains charac¬ 
terize stubble-fields. The taller strains which also regularly appear 
carber in the season in the same fields arc eliminated each year 
through decapitation of the flower-heads by the reaping machine 
before ripening (Salisbury, 1939}- It is quite conceivable tliat 
good dwarf species may eventually evolve, restricted to the 
autumnal stubble habitat. 

A point of great iiuportatice is that, widt ccotopic difFcrcir- 
riation, the spatial overlap between related divcrgcnts may be 
very extensive. Overlap may occur with ecoclimatk divergence: 
for instance, the red grouse and die ptarmigan overLp in cemiir 
parts of their rangir over a zone of op to 300 m. in vertical height. 
But such forms as the chiffehaiT and the willow warbler [Phyllo- 
sc 0 ptis coUybita and P. trochiius], for example, though the latter 
has a preference for more open situations, overlap extensively 
and irregularly over most of their range; so do the meadow and 
tree pipits (p. 2 Jig), though to a somewhat smaller extent. 

Again, though the bell-heather (firm dttereaj is adapted to 
drier mean conditions dun the waxbell (£. tefralix), die two 
are quite commonly found growuig together. 

It is nor uncommon to find a species in the atypical conditions 
at the margin of its range adopting a peculiar habitat. Thus die 
reed bunting {Emberira sch^emchlus) in north-west Scotland 
and the kies is found nesting on small islands in lochs, among 
low birch scrub (personal observation). This is due to the absence 
of the marshy willow coverts which it normally frequents, and 
to its general preference for bw shrubby vegetation near water, 
which here is largely confined to islets, since it is elsewhere grazed 
down by sheep. The swallow-tail Papilio machaon, normally an 
ordinary open-country butterfly, inhabits fens on die edge of its 
range, Ui Britain. In this and other cases, die reason for the changed 
habitat is unknown—c.g. for die extension inland in the nordi- 
wcstcni regions of Britain, and notably on St. Kilda, of the rock 
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jUpit, which normally is r^Uly confined to the waritiine 2onc 
(Nicbolsuii and Fisher. 1940). As witli Sifci'c (p, 269), the d^ange 
of habitrt causes an overlap of range with a related species, the 
ineadow pipit. Gottititums niamly braclcisU water in 

Britain, is tlie chief fresh-water species of Ireland (Beadle and 

Cragg. 1940). - r - - ie 

The rock pipit is of great interest, since this icsclt is an eco¬ 
logically diflerenciaied subspecies of ^iidiur ypitiolttts, most of 
whose numerous subspecies are styled water pipits, owing to 
their preference for streams. All arc confined to barren country, 
some, like A. s. spinokua^ to alptnc arcas^ others, like A. s. rubes- 
certs., to mountains or to low barren areas in the far north. This last- 
named subspecies shows a transttiou towards die habicat-pr^ 
fcrenccs of the rock pipit (A. r. petrosas), since it is rather frequendy 
found on steep slopes above sea-c!ifis. The combinarion of 
ccotopic and geographical diverg^cc is thus well illustrated by 
the forms of this polytypic species. 

Sometimes the ecological isobtion is concerned primely with 
breeding-places, the forms often mingling while feeding. This 
occuis, for instance, with the British Hirundinidac, the swallow 
{Hirundo msiica) nesting only under shelter, usually inside build- 
iiigs^ the liotisc martin only on honscs (or 

Oil cliffs), the sand martin (/liparitf ripana) only in sand-cliffs, 
usuaUy along rivers. The house martin, by the way. provides 
an example of the effect of human agency in altering range. 
This species was originally confined to cliffs as brccding-pbccs, 
but its adoption of houses has both changed its type of nesting 
habitat and much extended its distribution. 

The reverse condition is exemplified by the term. Stcrrut, 
where several species may show similar nesting habits, but arc 
differentiated in regard to their fteding. Fomosov (in Gausc 
1934, p. 19) cites a case where four species nest in a single crowded 
colonial breeding territory (though the species icnd^ to keep 
separate within the colony), and all co-operate in driving away 
Intruders. But their feeding habits arc quite distinct; three fish in 
different types of water, and the fourth feeds excusively on land 

The house and tree sorrows (Passer donsestitus and P. rnottmus) 
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may also be mentioned, the former csisendaUy a parasite or 
coiiiinms.i] of maUp the Latter restricted to open country away 
from buildings. However^ in certajn eastern palearctic regions^ 
outside the range of the house sparrow, the tree sparrow bas 
taken the odicr s ecological role and constantly associates witl) 
man. This shows how ecological distribution may alter in rela¬ 
tion to the absence of related comperitorSp just as was shown for 
regional distribution in the eftse of the mountain hare (p. 246). 

As mentioned later (p. 522)^ the small size and rigid instincts 
of insects appear to favour ecotopic and ocobiotic differentiation 
to a much greater extent than in higher vertebrates. 

Before returning to the biological problem raised by the 
existence of overlap and the consequmt absence of spatial isola¬ 
tion, we will briefly deal 'with ccobiotic divergence, where the 
main adaptation is to a modie of life rather than to a habitat. 
Here the opportunities for overlap are gicatesL One may, for 
instanccp find Haifa dozen good species of Ceraiuum or of 
VvfonUd in one hedge or bank, five gotyd species tjf blue butter¬ 
flies (Lycaenidac) on a single chalk down. All the six common 
species of British titmice may fretjuendy exist together in a 
single wood, aldiough here they also show ecotopic preferences, 
a coniferous wood being quite likely to harbour only the cole 
tit (PiifMs an alder grove by a swamp only the willow tit 
(P. atricapillus], whfle Ac longtaikd tit (A^githaf&s 
Ls somewhat local and tends to frequent raAer open bushy 
country* 

Sometimes si2c is the docitivc factor. The greater and lesser 
spotted woodpeckers tnajor and f), arc cxtreniely 

similar in appearance and habitSp but the one is three to four 
times the weight of Ac other. Such differences in size are doubt¬ 
less correlated with diftcrence in Ae food taken: this liolA for 
Ac similar case of the two very similar falcons, Ac large peregrine 
(FaIcQ per^grimts) and Ae small merlin (F. rw/wwWiVfs), Simibr 
examples from NorA America include Ac comnion and fish 
crows, Con*us bt^hyrhymiix)^ (cero/fe) and C. the lartcr 

havmg also well-marked ecological preferences^ and the hairy 
and downy woodpeckers. Dr/oimtes mihm$s and D. piiicsrcitr. 
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Mr. M, A. C. HintOD iclU me that the same holds for shrews 
(Soriddae). In Britain we have the common and pigmy spedes, 
Sorex armteus and $. minutm; other siac-differendated sets of 
species occur within the family- In Hmicentetes (p- aSy) the 
clifFerendation is by tooth-sisc* not body^ize. Other obvious 
examples are to be found in bats, foxes* toads, Mustclidac (stoat 
and weasel* Afri5ff/rf ermiftejts andM jfuVflfirJ, cats (e.g. jaguar and 
ocelot, Felis f>iiro and F. par^dlis) and the curlew and whimbrcl 
(WtfWjefifHj and N. pWopiw). Thai the size of predator and 

prey is often closely adji^ted is shown by the experiments with fish 
and water-boatmen mentioned on p. 469, Presumably the mc- 
difference between pairs of species diiicrcndatcd on this basis 
must reach a certain level before the two types cease to overlap 
appicdably in regard to the prey takenp and so gain maximimi 
advantage by their difierentiadon. It is relevant that in the 
woodpeckers, the ratio of size of the smaller to the larger spedes 
is very similar in Europe and America, as if a certain degree of 
sizc-divcrgaice were necessary no secure the opdmurn exploita¬ 
tion of the environmerit by species-pdrs of this type, A quanti¬ 
tative conipaiadvc study on such size-^lifferenccs in various 
groups should yield Interesting results. 

With reference to woodpeckers it is intcfcsdng that in North 
America the group shows a much greater range of ecological 
divergence than in the Old World. For instance, acom-storing, 
catching insects on the wing, egg-sicaling, sap-sucking, etc.* are 
characteristic of American species only (sec Bent, 1939). It would 
be interesting to try to di^over the reason for this and odter 
similar cases of differential ecological radiation. 

Feeding habits are the commonest source of ecobiotic diver¬ 
gence. For instance, among the British finches, the goldfindi 
{Cardii^lis csiduelis) is the only one to prefer rhistlc^hcads, the 
bullfinch {Pyrrhuh pyrrhutd) to prefer fntit-buds: the hawfinch 
(Co^CiXhraustes mc^thmu^trs) enjoys berries and gfccii peas, while 
the crossbill (Lo.tju is almost confined to pinc^eds. 

Such dietary specialization is naturally often reflected in struc* 
lure: ihe hngc beak of the haufindi and die remarkable crossed 
mandibles of tlic crossbill are obvious example^ 
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The biids of prey alTord equally good examples. Almost every 
British bird of prey is^ by iis wing-shape, mode of flight, bealt, 
daws, size and general insdncts, specialized for capturing a 
distinct type of prey—the peregrine (Falco peregrirtus) for large 
birds such as docks and pigeons, the merlin (Foia cotumbarius) 
for smaller birds, the buzzard (Bv/ea butto) for young rabbits, mice 
and other small animals, the kestrel {FakotittHunailu^ for volw and 
insects, the sparrowhawk (Aaipitcr ntjus) for small passerine birds, 
the hobby [Falco subbutee) for the swiftest victims, induding even 
dragonflies and swallows, the osprey (Pandim haliaents) for fish. 

An interesting case of incipient ecobiotic difierentiation is dted 
by Noble (19jo) in the common Japanese troe-fiog, Rhacophofus 
sfA/^e/j7; this normally lays its eggs in holes in the banks of 
ricc^elds, but one form deposits them in frothy masses on 
leaves overhanging water. There is a very slight degree of 
morphological diflenmee, but tlie two types appear to be geneti¬ 
cally isolated by their breeding habits, and may be expected to 
diverge into go^ spedcs. 

Among plants, difierenriarion of a dearly ccobiotic nature is 
on the whole rarer than among animals, but adaptation to special 
modes of pollination, by hive-bees, bumblebees, flics, moths, 
butterflies, etc., is a case in point. The diflerent degrees of facul¬ 
tative or obligatory parasitism found in the eyebrights {Euphrasia) 
and their relatives provides another example, linking up with 
the facts discussed in secdon 4 of this chapter. 

The lampreys [Petremyzori) show an unusual type of ccobiotic 
divergence. As Hubbs and Trautman (1937) point out the 
original mode of life in thU group appears to be for the animal 
after metamorphosis to develop strong sharp teeth and to feed 
in a semi-parasitic fashion on other fishes, usually tn the sea. 
They grow to a considerable size, and eventually reascend small 
streams to spanti and die. Several species of this type are known. 

A second set of species, however, endrdy cease feeding after 
metamorphosis. Their gut becomes funcdonless, and the tcetli 
are reduced in size and sharpness and become fragmented. 
They live in the smaller streams in this dwarf condirion for 
under a year, and then spawn and die. 
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The dw2rfed noti-paxasidc but degenerate type is thus an 
adaptation to an adulc existenoe in small streams. Dificrent dwarf 
species appear to have originated independently from several 
parasidc ones. 

A very diilcrcnt but equally interesting ease is alfordcd by the 
koala (PhaxoiarciiiS This inarsupial e?dsts in several sub¬ 

species* The DOrthem, more tropical one is smaller than the 
southern (Bcrgniann's rule, p. an), and is restricted to other 
species of eucalyptus* According to l^ratt (1937) die leaves of 
the eucalyptus species preferred by die more tropica] subspecies 
are rich in cineol and poor in plicHandrenCp while the reverse b 
true of those eaten by the highcr-btitude form. Pratt further 
maintains that this )m an adapdve physiological sigtiidcance, 
cincol tending to keep body temperature doum* arid phcUnidrene 
keeping it up. If diis proves to be correct, we have here a case 
of gcograpliical subspecies which arc strongly dif&rcn dated 
physiologically and therefore ecologically- 

An instructive case of the apparent ecological differentiadon 
of geographical subspecies comes from lizards (Kramer ajid 
Mertens, 1938^). In Istria^ L&ccrta itmralis occurs in two sub- 
spccific forniSt f-- tnuralis and L. mi. macuhi^auns^ die range 
of the latter conhned to the west of the peninsuia, and its liabitat 
almost entirely restticEed to die nciglibouihooJ of human liabi- 
radons where refuse is to be found, while die fornter, a wide- 
ranging form, is found on die cast of Istria in woods and thickets 
far from houses or villages* However^ m. muraUs becomes art 
associate of man in other areas, but only wliere the countryside 
is naturally very bare, and also highly culdvated—as is the case 
widi the part of Istria inhabited by m. macuUvtiUris. Thus die 
ecological differentiadon of the two forms in IstrU is apparent 
only, caused by the chmadc and cdapltic peoiliaritics of the 
geographical area of m. maailiiftniris. 

Again, the jirds (Afmi;»fs) of the Arabian desert are diHeren- 
dated into three ecological species '"disdiigubhcd from each other 
by characters of skull and pelage, which appears to be closely 
correlaa'd in such cases widi spcial habits” (Clicesnioii and 
Hinton, 1924). Two are truly d^rr forms, one noctuniah and 
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dKicfoFc with larger audiioty bullae, thicker fur, and less pallid 
colour, the other dtum aj, with opposite characteristics, and the third, 
less specialized, is ecologically restricted to the cultivated fringe. 

Examples of this sort could he middplkd almost indefinitely. 
They show how widespread is tlic tendency to ccobiottc and 
ccotopic difieicntiadon—^in other words to a specialized sharing 
out of the environmental habitat and ways of exploiting it 
among dificrent related species. At the same dme they are a 
challenge to biologists, since the method by wluch such dif&rcn- 
dadon originates is by no means clear. The chief clues are the 
fiiCts concerning “physiological races” in certain aninials and 
plants (p. 29j), and the cxistenoe of local or sporadic variadons 
in behaviour in certain animals. 


3, OVERCAPPINC SPECmS-PAIRS 

Numerous puzzling eases are presented by extiemcly similar 
species which overlap over much of their range and yet remain 
distinct. 

Some of these puzzles, like that of the two European tree- 
creepers (p. Z45), we have already shown to receive their solution 
in the fact of niigradon and overlap subsequent to divergence 
in isolation. It is probable that other examples, like that of the 
marsh and willow tits (p. 370) and of the pied and collared 
llycatchets (Afiurirapu/lypdkimr and AY. atbicolUs^y are of the same 
nature, 

A striking case is that of the two crested larks of Non]) Africa. 
Galerida cristata and G. thekiac, already referred to on p. 215, 
These differ only in certain apparently trivial characters, such as 
die length of bill, and whether the song is given from the ground 
or on tlic wing. Their overlap is extensive, but by no means 
complete. It is quite possible that here, loo, migradoti after 
ccocliniadc diHerentiadoti in isolation has been responsible. 

Slightly diffi-rent cases of overlap arise when two waves of 
invasion have occurred from different direction at dificrent rimes 
(see p. 255). This has been particularly studied in tlic islands of 
the Pacific; thus on tlie Marquesas, Mayr (1940) finds two 
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forms of fruitHlovc, which ordinary taxonomic pracrioe wouU 
be inclined to regard as subspecies, living together without any 
hybridization. Then we have overlap due to the end incnibers 
of a chaiii of subspecies meeting and behaving as species (p. 344)* 
In all, ten or a dozen examples of diis phenomenon are known 
from birds alone. The dUtribution of the three subspecies of 

is very peculiar (H. W. Parker, mi /ittem). Usually they 
arc kept froTti mtctbrccding by diHercnces in brceding-tiiiies, but 
in certain zones hybridization occurs* Four-fifths of the species of 
gall-forniing Cynipidae infest tlic oak (Hogben, itJ4o). Three 
species, including uvo of Nbioften occur on the same leaf 
Hogben suggests that agamic reproduction I a as facilitated this 
divergence. 

An intcrescing ease is afforded by die blue butterflies. The 
clialk-liill blue (Lyctiertu f&rydmi) and the Clifton blue (L. theiis) 
must be ecologically slightly difleicnc in their requirciiicnts, since 
the latter is found more commonly near the sea, and even 
where tliey overlap, one is usually more abundant tlian the 
other in particular spors. On the other hand, they do overlap to 
a considerable extent, and, altliough their times of emergence 
arc not ideniicak thcry are frequently to be found flying together. 
The brownish females of the two species arc so similar that no 
entomologist would undertake to assign a single specimen to 
its correct species merely on its appearance. The males, however, 
arc strikingly distinct, that of L. ifitds being a rich azure, of 
L. corydifff a very luminous pale blue. 

An example wliidi has beco a source of confusion to omidio 
logtsts for over a century is that of the genus T&^hyt-fcs or steaniiT 
ducks, s^i^ called froni their liabit of racing over die surface of 
the water, cliuming its surface widi dicir w^ings like paddle- 
wheels, In addition, some can fly; and these have long been 
kiinwni to be smaller and to have larger wings. 

For many years die belief was firmly liejd by many aui 1 u>ridos 
that only one species existed, and that the flying stage was passed 
tlirtuigh in youth. However, Murphy (1936) has defiiPitely cstab- 
lislied that ihree disitii ct species exist—one fliglitks,s fonn from 
the west coast soulheni South Ameiica, a second from the 
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Falkland Islands, and a flying foftti with a range including that 
of both the others and also spreading some dfstanrr up die cast 
coast. The three forms are disdnguishablc at all stages. The 
flightless forms are considerably heavier, espedally the mainland 
type, the males of which arc almost double the weight of flying 
males. An interesting point (derived from an analysis of Murphy's 
data, but not noted by him) is that the sexual disparity in size 
is much greater in the flightless species. The weight-ratio 
in the mainland flightless form is i ■47* in die flying form only 
1 *17. One may Conjecture that this is due m sexual selection in 
favour of more powerful males being no longer cotintcracccd 
by natural selection in rclarion to efficiency of flight 

Though the wings of the flightless forms are smaller, the 
twing-niusclcs are normal, since a great amount of ene rgy is 
needed for the steaming , which is rather faster than in the 
flying species. The calls of the three species appear to be diffcicnc 
and the Falkland flighdess species shows genetic 

There is an ccotopic as well as an ccobiotic distinction between 
the flighdess and flying forms, the latter being found on fosh 
water as well as on aU regions of the coast, while the flightless 
t species arc restricted 10 the coast, and to siicli regions of it as arc 
\iiot subject to strong ridal flucruation, 
t It would seem clear that both flightless forms have been derived 
fifom the flying form by further specialization of the curious 
fonm of surface locomodon which is already well developed in 
it,^Bui whether they have been independently derived or have 
^ermdated into the mainland and Falkland form subsequent 
/to losing their powers of flight, is uncertain, as is the mode by 
which isolation between flighdess and flying forms occurred in 
the fust place. 

The two shearwaters Puffinus griseus and P. tmuhostris arc 
closely similar except that the former b larger. In New Zealand, 
only P. grisetis is found, wliile P. icmrwrfris breeds in southern 
Australia. Wood-Joncs (1936) considers tliat both species breed 
on the same island oif Tasmania. Tins finding would indicate 
that the two Species have remec after geographical diflcrenriation. 

Two close and overlapping species of the inscedvorc Hernia 
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mdcies stem to be ccobioricaUy dLScrciiiiaicd iji relation to size 
of prey, one having considerably smaller teeth (Butler, 1941) . 

We now return to the extremely important question of how 
related species which overlap spattally arc in nature prevented 
from mtercrossing* It is dear on general grounds that wherever 
such crossing is possible, whether it results in fully fertile, partly 
fertile, or infertile ofl&pring, or is itself whoDy steritc, its occur¬ 
rence will usually be a biological disadvantage* This is obvious 
whenever loss of fertility is involved: on the average, imlividuds 
whose mating produces no of&pring, or oSpring which them¬ 
selves show partial or complete infertility, will be less fully 
represented in Leer generations than individuals whose mating^ 
arc fully fertile. But even when the ofispring of two distinct 
types arc fully fertile, their production may be a disadvantage. 
This will be so when the parent types arc ecologically 
adapted to distinct environments or mo^ of life: for ex kypoikesi 
their hybrid products will be less well adapted. 

Accordingly we may expect natural selection to operate to 
prevent the crossing of lebtcd but distinct forms under the 
following conditions: (i) when the two forms overlap spatially 
and consequently have the opportunity of mterbreeding; and 
(z) either, (tf) when divergence has proceeded far enough for 
crossing to be attended with reduction in fertility, of whatever 
nature: <>r [b] when the two fonus arc subject to strong selection 
adapting them to distinct environments or modes of life. 

We shall, on the contrary, not expect such special barriers to 
mating to be erected when (i) the two forms do not overlap 
spatially; or {2) they overlap spatially but arc capable of pro¬ 
ducing fully fertile offspring, and arc further not subject to 
strong selection promoting adaptive ecological divergence. 

Let us see how these deductions work out in practice. The 
simplest method by which related forms can be prevented from 
crossing is by the possession of distinct breeding seasons, and this 
is ftcquently found to occur. An inspection of the breeding 
seasons of the marine animals of the Gulf of Naplijs shows many 
examples, and a number of eases arc known among flowering 
plants, iiiodis, etc. 
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This, however, is not always practicable. In temperate and 
arctic climates, it is inevitabic that the bulk of the bird spcdcs, 
for instance, will breed at ahnost the same periods and the same 
will often apply to flowering plants. With flowering plants, 
various alternatives arc possible. Either the flowers may open 
at diflerent times of day; or a sharp distinction in colour or form 
of flower may be evolved, which, since bees tend to visit 3 
number of similar flowers in series^, will reduce the chance of 
cross^polhnadoii; or the two forms may become adapted to 
poUinadon by difierent species of insects. Factors making for 
reduced fcrdlity of foreign pollen may also be encouraged. 

With higher animals, the most obvious method will be the 
encouragement of specific mating reacrions. Numerous inter- 
esdng eases of this exist* luDr0wphila,m exampkts known where 
different species will mate as readily as do individuals of the same 
spedcs. Races A and B of D. pseifdoobsatra almost certainly differ 
in the males" stimulating scent. The sprosser and the nightingale 
will mate In capdvity, but do not do so in nature (pp. 246,254), 

In general, it wnll be found that among birds and odiet higher 
animals overlappiiig and related forms frequently differ markedly 
in regard to some charaefer connected with recognition* These 
lecogoidonal characters may be auditoiyv visual or olfaaorj\ 
and they may be common to die group as a whole, or confined 
to one sex. In any ease, they often have a function in relation to 
keeping the group defined and preventing interbreeding widi 
other groups, though dicy may and normally will have other 
funerions as well. For instance^ in gregarious animals, recog- 
ntdoiial characters common to all individuals may serve to keep 
die group togedier oti migration or to give warning on occasiotis 
of danger, or may enable the young to recognise their parents 
or others of the species, or prevent mating with members of 
closcly-rclaced species. Recognition characters confined to one 
sex, in addition to facilitating recognition by offspring, may 
serve for recognition between the sexes, or between memben 
of the same sex. or bodi (c*g* the "'moustache’' of the male 
flicker* CoJapies Noble and Vogt, fp35; and sec dis¬ 
cussion in Huxley* 193 ^ 0 - some sexually selective func- 
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either m rtgard to choice of mate, as in mfl: or blackcock, 
or Ln pronioring readiness to copiibtc, as apparently with most 
moiToganious birds. In all such events, however, any marked 
dirtercncc between the recognition characters of related forms 
will have a function which we may call that of j^roMp 
fwjj, ill that it win promote the unity of die group which it 
characterizes and give it a sharper btoiogiral deliniitahim from 
orlicr related groups (sec also p. 545). 

Lorenz (i93j) ^ emphasized the biological value of distinc¬ 
tiveness ^ s^Tch in all characters serving to elicit behaviour- 
reactions in other individuals (allaesthetic characten: Huxley, 
1938c); but he has nc^ emphasized tills ficqueiidy superadded 
function of group disdncdvcncss, which is of bioh>gical value 
only in so far as it keeps groups apart: sou also Lack (1941),* 

As examples of distinctive cliaractcis serving as barriers against 
intercrossing, we may note die fact that bird species rliat are 
closely similar in appeaianee and overlap spadally frequently 
differ strikingly iii their calls and songs. This h best exemplified 
in the songs of the three British specks of P!tylhf€{tpm^ the 
chifTchaft willt>w warbler (i^ rw/iiijts), 

and wood warbler {P. sthiliUTix)^ notably die first two. It was 
by their songs diat Gilbert ’White in 1768 was able to be the 
first to distinguish all three. Other good British examptes arc 
the meadow and tree pipits, and die nisrsli a? id willow tits 
(p. 270). As Mayr (i94of») writes ol certain almost indisdiigiiisb- 
able overlapping species of mini vet Ci.^firttfcj. etc., 

"the birds thcnisclves arc apparently not deceived, rhtnigh the 
taxonomists arc”, since hybridizadoii seems nor to oecor. 

Song ill these forms dins has a dual function. Since its primary 
function is to advertise the possession of territory, it must be 
striking; but since a secondary fujicdon is to advertise die fact 
only to members of the same group, the song of related and 
overlapping forms must be markedly different, h is btich dis¬ 
tinctive per sc and aho group-Hdistincrivc. 

* Moloiiy (ipj?} in a nxcjtt book has dnac ui^TuI Kr/ux \>y Jnwui|; 

Linn, trk^ni th^ iUiidpuijit of t fLcldHi^EiiCaJbr^ tu tin- (-rnup liuhaicn of rL-c%>gl4tEkiii 
Eiiariu, L-^n ijIJy in keeping tfw-’ yuung in thi,' {'mup joJ u^ichin thi- group 
iraditicHi, 
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Hciiirodi and Heinroth (1524-6; vol. p, 49) have a gmcial 
discussion of the songs of the thrushes {Tii/d«j), which illus^ 
tra^tes the same principle. 

it is mtcicsdng to note that the marked diffeitndatioii of the 
various species in song bears no obvious relationship to their 
equally striking diSerendadon in visual appearance. In visual 
appearance, the original thrush type (brown with spotted under¬ 
parts) has been modified in various spedcs (primarily in the 
males) by the addition of striking characters like the black head 
and chestnut breast of the American robin (TufdHj migr^^^rij^) 
or by a total transformadon as in the blackbird (T. mem/u) 
or the ring ouzel (T. iorquatus). This striking differendadon in 
visual appearance due to the need for specific disdnedveness is 
seen in many other birds, either in the males only or in both 
sexes. Obvious examples include that between the whinchat and 
stontchat ( 5 ^rXlVe^d and S. the special colora¬ 

tions of the goldfinch (Ciir^uelis larduflh) or the redpolls (C* 
JIammfa) compared with other mcmbecs of the gram; the white 
napc-patch of the cole dc (Pdrws flfer) as against its absence in the 
marsh and willow tits; the colour of the crest in goldcrest and 
firecrest (jR^i^hi;s r^guhis and ft. igmtapillHs] respectively; the 
general colour of the bbekbird (Turdni meru/ii), as against the 
more typical brown and spotted song-thrush (T. 
and the white brcast-crcsccnt of the ring otu&cl (71 
as against its absence in the blackbird; the strikingly different 
coloration and pattern of the males in related species of duck— 
these arc all presumably examples of this differetice-funcdon* 
Lack (1940^) has recetidy shown chat one importanc function of 
beak-size and -shape in the ground^finches {Gvospi:^Uitf) of the 
Gabpagos is ro faciUiaie specific recognition for mating purposes* 

Ir is tempting to suppose chat the striking difference in colora¬ 
tion between rhe males of the chalkliill and Clifton blue butter¬ 
flies (p. 285) serve as sexuaj recognidon characters of tliis type; 
but cxpcrinicnuJ evidence is beking in tliis case, and what exists 
for most other Lcpidoptcra makes it appear that any preparatory 
visual recognition is of females by males (except in Heptfiins). 

A more dirccily scxtial character keeping related species from 
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crossing is foxmd in die dart or amms in the overlapping 

snail species CfjwM h^triensis and Cepoea nmflm/is. That of 
n^nwr^Ih is bigger and more powerfully ejected than iliat of the 
other; as a result, if members of the two spcdcs attempt to 
pair, the weaker fails to provide adequate sexual stmuiluSp wliiJc 
that of the other is so pow'crfiii that it causes the weaker to 
shrink away (Diver^ 1940. p. jatS), 

In the deermiee iVewiysaw, several eases occur of distinct sub¬ 
species sharing the same geographical area but being adapted to 
different habitats. Thus in P. {Dice, 1931) jiicjiihcrs 

ofshorc-ciLlcd prairie-dwelling subspecies may overlap witli mem¬ 
bers of various long-tailed woodland-dwelling forms. Speci¬ 
mens of P. m, and R aftemi^U may even be caught in 

tlic same traps. We may conjecture that in this last case the 
disconriimity is here preserved by some difference in mating 
reactions. The same appears to be true for the two good specks 
P, the wood-mouse, and P. ^ossyphius^ the cotton- 

mouse^ the former northern (and western), the latter sauthcin 
(Dice, T940fi). Thougli intcrfcrtilc in captivity^ the two remain 
perfectly distinct in die small area where their ranges overlap. 
Dice considers that this psychoscxual type of isolation is die iiiajiir 
i^ne m i^muysatsi ecological isolation may occasionally reiijfoicc 
sexual, bui tends to break down at the mar gins uf habitat zones, 
where die ccologica! relations are soinewliat abnormal Tliis is 
doubtless not general, though Spencer (1940) regards psyclnv 
sexual and reproductive barriers as primary in die difTcrentiation 
of DmophiU^ In the garter-snake, Tlimmophis: erJimiiies, ceb- 
logical differciitiation, largely related to icrrcstrbl or aquatic 
habit, may be primary (Fitch, 1940); aquatic habit, which arises 
in arid areas, pennies much larger size; different ecological 
fuibspccics frequently come to overlap geographically. 

Where neither psycliusexual nor ecological isolation is opera¬ 
tive, rwo (or 111 ore) subspecies which meet to range-^ 

changes may fuse into one. Uoth Dice and Sumner, the two chief 
authorities on the biotaxojiomy of ilie genus Pcmwiysfiir, consider 
ihatsticli polyphykticMibspecicsarenot mfrequent in it (see p. 24 f^). 

Besides such sexual characters wliJeh act as barriers to inter- 
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crossing by protiiotbg assortativc maringp non-^xiwl rccognirioii 
characters may have a similar effect by kccpuig members of a 
species together* The distiticuve s^ijig-bars of various related 
birds (c.g, sandpipers, etc), or the strikijig and diversely coloured 
specula on the wings of difierent species of ducks will serve as 
visual examples, while there arc innumerable eases of group- 
distinctive but lion-sexual caU-iiotcs* 

Olfactory characters, of course, vidll play a part iii groups 
like mammals and insects where the saisc of smell is more 
important than it is in birds. It is probable that such characters 
are group-distincrivc iu Drosopkila. 

It must be adntitted that there are many cases where no wholly 
satisfactory explanation of the absence of intercrossing between 
overlapping and related species is as yet fortiicoimng. Diver 
(1940) has enumerated some of these; for instance, tliat of die 
mmicfous and often scarcely distinguishable species of the grass- 
moihs of the genus Cruffifets, many of whidi may be fomid on 
the same ground. We may presume that slight but disrinedve 
ol&ctory stimuli control the mating-reactions, but this is purely 
hypothetical; and the problem of inicial divergence remains. See 
also A. P. Blair (1941) on overlapping species of tree-frogs. 

These examples will serve to substantiate our deduction that 
mating barricR of special type, often psycliotogical, will tend 
to be created between closely-related species which show spatial 
overlap. But we also drew the converse deduction, nanicly^that 
such spatial barriers will nt?/ tend to arise between closely-related 
forms which have differentiated in separate geographical areas. 
Por the adaptations involved will not* in gcnsctaf be of so 
specialized a nature: and fuithcrp since during the early stages 
of divergence intercrossing will nor occur at aU, or only at the 
margins of the range (where environmental conditions abo will 
be intermediate) dierc will be little or no opportunity for selec¬ 
tion to aa. We sliall accordingly expect a simibr degree of 
character-divergence to be accompanied by fewer and lower 
barriers to intercrossing. 

An important fact supporting this deduction is that wlierl 
forms wliich have differentiated In different regions later extend 
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their gcognphical range so as to overbp, intertrossing may occur 
freely* and the ofBpring be fertile. 

We have already mentioned examples of thisp notably in the 
flickers in America^ the crov-'s and other birds in the Old World, 
and various plant species (p, 115). 

Another excellent case concerns the red grouse 
wlirrts) of Britain and the willow grouse (L. of Scandt- 

mvia. ThcsCp though generally recognized as ""good species"** arc 
closely allied^ and their considerable differences arc clearly die 
result of geographical divergence. However* there has been no 
pressure of selection opcratuig to erect barriers to inter-crossings 
and accordingly^ whep cither species is introduced into the 
geographical range of the other, the aliens, contrary to die ex¬ 
pectation of the sportsmen responsible for the introduction* have 
not niainuined themselves, but have quickly become incorporated 
into the indigenous species. A similar lack of barriers may exist 
between whoDy unrelated modis. Mt. Ford tells me he has found 
male bumets (Zyfjme jUipendula) attracted by female oak- 
eggars (Botfifiyx qtitreus). Here the waste arising from the actual 
pTcducdoii of hybrids isabscnt^ and ecological preference normally 
i sola ECS the two forms, 

Dobzhansky (1937, p, 258^ and, mote emphatically, t94o) is 
of the opinion chat restriction on interfcrtilicy (in the broadest 
sense) will be brought about mly by selcctioti^ whereas most 
authors believe that random accumubEion of difiercnces in stocks 
isolated from each other wdl in die long run inevitably lead to 
some restriction, whedicr by reducing the frequency of unlike 
matings or die feriihty or viability oi dieir udspring (p, 57i)- 
Tiiere is no question that, even if an initial reduction of inter* 
fcrdlity may be due to the accidents of divergence, it may subse¬ 
quently be increased by selection (p. 360). In this connection ii is 
worth noting that in the case of the crows (p. 248 J and the grackles 
(p. 251)* the zone of tntcfgradaiion is narrowest where the 
two forms arc presumed to have been longest in contact* and 
where therefore selection aimed at the reduction of biological 
waste will have had more diance to exert its effects. It wopld 
be of the greatest intjcrcst to test individuals from the most 
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recoiL Rjid the longest-established areas of contact to see whether 
they are in point of fact gcneraily dif&rcnt in their pychosexoal 
reactions or in the viability or fertHiry of dietr offspring. 

***** 

The problem is not simple. We must remember that lelated 
species now found together its one region may have difierendated 
in quire separate regions and have been brought together later 
by migration. The British Isles, for itistanoe, contain represen¬ 
tatives of three or four regional faunas—Northem, Central 
furopean, Scuth-eastem European, and Lusitanian. Only after 
the end of the Ice Age were these brought together in our islands, 
so that the original diSerentiation of many forms, such as the 
common and mountain hare (p. 246.) or the carrion and hoodie 
ciows (p. 248) occurred in different regions. 

There is also plenty of evidence to show that, as we should 
expect, character-divergence shows a correlation with genetic 
intcRtcrility. In die deermice of the genus Pefomyxus, Dice 
(1933h) has shown that whereas subspecies are mutually highly 
intcrfertile, and "good” species belonging to the same spedcs- 
gioup, as defined by morphological resemblance, arc moderately 
so, those belonging to di£;rent spcci«-group are wholly nicer- 
sterile. But the condition appears to differ for different types of 
animal. In deermice marked intcrsrerility appears with a small 
degree of morphologica] dif&rcncc (sub-g^cric or "sub-sub- 
gcneric”). In phcasanis, so far as the evince goes, it begins 
with generic difference, and in some ducks at least, even generic 
crosses may be quite fertile. There is also evidence that different 
types of Canidae may be intcrfertile in spite of wide taxonomic 
divergence. In any case this type of sterility is often associated 
with readiness to mate, and if so is quite different from the 
special barriers to intererossing we have been considering, which 
usually operate to prevent mating rather than to reduce fcrtilicy. 

It is clear that many more facts are needed, based on the 
analysis of a large number of crosses between related spedes of 
ecological and geographical type. None the less, the following 
deduedons appear to hold. First, that with the same degree of 
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general cKaracttT-^livcrgfjicL' (exckitUng cJiararters iinunotiiii- 
as&ortativc iiiating and acting as bairicrs t<> interspecific crewsiiig), 
types wrlvidi have diverged iit gcograpliical isi'sUiioii will sUi'w 
less ofTective barriers, direct or indirect, to fertility, than those 
which show ect)logttal divergence in the same area. But secondly, 
that os regards eliaraeurs promoting assi>rtative and iiii|wding 
interspecific inaiiiig, the ecological tyix' srl speciation withiti tin' 
same region will accentuate the degree' of char.actcr-divrr^'nce, 
brgcly by promoting tlic evolution of characters accentuating 
group-distinctiveness (p, 289). 

Tliis last point is clearly valid, since sndi characters arc only 
stTviceable if diey arc iniiiicdiatdy rectig^nistahlc, or at least 
sliarply and qualitatively distinct. It is further likely tliat ecological 
but spatially-ovcrlappuig differentiation will promote a inoie 
rapid and thorough ^vcrgcnce in general characters, since more 
complete adaptation to the two ecol^jcal niches w'ill be an 
advantage to bodi species. And for this reason it will be ditficiilt 
to attach precise meaning to conipaiisons as to degree of diver¬ 
gence between die ecological and the geographical types of 
spcciation, What wc can say, however, is tliat when die degree 
of general character-divergence between rwo overlapping species 
is slight, and we yet find considerable barriers to intercrossing, 
we shall expect to find lower barriers between two non-over- 
lapping {geographically isolated) species with the same degree 
of diaractcr-divergencc. And diis, so far as we can judge 011 the 
evidence at present available, is true. 

4. NOrOOtCAL DIFFEBUmATION 

A spcci.a] type of ccobiotic divergence, and one which iconi its 
practical bearings has recently received a great deal of attention, 
is that usually known as biological (or physiological) diffetL-ii- 
tiatiixi. By this b meant the divergent adaptation of separate 
groups of parasites or phytophagous animals to particular hosts 
or fuixl-planiv. Ilcvjcws of the subject have been given by 
Tlinrjx' (lyjo. 1940), from which we select most of our examples, 
(lleferciiccs given smly for cases not cited from Tliorpe.) 
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The most striking pomes About this kind of difierendation are 
as foHows. First, all are found from incipient physio¬ 

logical subspecies to full species characteii^d by complete inter- 
sterility and morphological diilereucies. Secondly, however, the 
visible morphological divergence lags fiather behind the invisible 
physiological (including the reproductive) than in any other type 
of differen nation. Thirdly, harriers to intercrossing, hugely it 
would appear on a psychological basis, appear to be speedily 
set up by selection between the diverging groups. And finally, 
the biological difierendation in its early stages appears usually 
to dc[^d upon an interesting form of organic selecdon (the 
Baldwin and Lloyd Morgan principle; p, ^04) operating in its 
iiiodiEeadonal phase through olfactory conditioning. 

Let us now examine some wcU-andysed casra in the light of 
these principles. Th^ maggot of the Dipteran hiiown as the 
appk fly {Rhi^&kiis pam&^^lla) is very destructive to certain 
fnncs. It appears originally to have been a parasite of a species 
of hawthorn in North America^ but thU genus is 

tiow but rarely attacked. It exists in two tmin forms, differing 
in no visible charaettrisric except size, but confined to diffctent 
host-plants, the larger attacking apples and related fruits, the 
smaller blueberries ajid huchlebcnrics. The difference in ske 
averages about jo per cent, and there is no overlap, [n some 
states, e.g. Maine, die “blueberry niaggot” has been itnmcmorially 
established, while the date of introduction of the “appb maggot” 
and the course of its subsequent spread arc known. It b extremely 
hard to rake one form on the host-plant of the other. Crc™s 
can be obtained ardfidally between the two forms* but only 
with difficulty* though the offspring a^ viable. There seems no 
question tliat the two forms are, reproductively speaking, good 
sj^cics, in spite of their morphological similarity. The original 
differentiation may have been into hawthorn and blueberry 
forms, the hawthopi type later beconiiag adapted to apples, but 
this Is uncertain^ 

The two forms of the Homopteran Psylta mali provide a very 
similar case. Here again the adults of the two types differ morpho- 
logically only in size, but are exclusively confined to apple and 
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luwthoni fcspcctivtljr. However, the difllTciitiatiori hat a 
little further than in for it lias s*> far proved iniptwsiblc 

to make the one race lay epps cii ilic other's loml-plaut, or to 
obtain cross-brecduig. In addition, slight iiiorphologiciit iliffer- 
enccs liavc developed bowceii die two types in tk’ iiynipha! 
stage. An intcresting point is tltat die hawthorn race » parasiiizetl 
by certain Chalcids and Proctotrypids, but the apple race is not. 
Such forms, thdugh for museum purposts it is ctmveiiieut to 
leave them in the category of "biological races", imist k con¬ 
sidered by the evolutionary biologist as distinct species. 

A much smaller degree of divergence is shown by the bio¬ 
logical races of the ermine moth Hypomfin-nta pdde/Jd, one being 
adapted to apples, the other to liawthoni and blackthorn. No 
structural features separate the two, although there are sliglit 
colour differences; the colour of tlie forewings in the species as 
a whole ranges from dark grey to pure wliite, and the dark 
forms arc more abundant on hawthorn, rlw white form on 
apple. The apple form is usually a leaf-miner in its first brval 
instar, the other not; die pupae of die apple race ate usually to 
be found in neat packets or rows, with a dense cocoon, while 
those of the hawthorn and bbckdioni race are scattered, 

and the cocoon is very flimsy. 

If the moths are given die clioioc of food-plants, tlicy show 
a decided preference for their normal host (fto per cent in die 
case of the apple race, 90 per cent in that of the hawdmni one). 
Although the hawthorn and blackthorn “sukraecs" are indis¬ 
tinguishable in most ways, they arc actually separable on tlie 
basis of egg-byin g preferences {80 per cent and 70 per cent lor 
the hawthorn and blackthorn forms respectively). 

Tlic food-ptefcrcnccs of the larvae also, diougli marked, arc 
not fixed; they can be induced by starvation to feed on the 
“wrong” food, though the resultant imagines are generally 
undersized and often infertile. Finally, the mating-prcfctcnoes 
□re only rebtive. fibboratc and brgc-scalc experiments showed 
that the attraction between uidividiuis of the same race was 
ahout twice as strong as that between those of difierent races. 

Owing to these various preferences, die difleieiit races must 

K* 
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keep ttcmselves fairly disdiict in naCurc, although occasional 
crossing pcohably occun. The race are thus "biological sub- 
spccie", and deserve triDomial recognition. 

Some remarkable results have been obtained on crkkccs. 
Thus in Oregon the snowy tree-cricket Oeeantkus nivalis exists 
in two forms, The one race is a tree-dweller, and lays its eggs 
singly on the bark of apples and similar trees; the other lives 
in bushes, and lays its eggs in denx rows inside the pith of rasp¬ 
berries and similar shru^. The two types show no visible difJer- 
enccs, but arc immediately distinguishable by ear, the shrub 
race uttering its repeated notes with a frequency only about half 
that characteristic of the other. The form found in the eastern 
United States resembles the tree race in its habits, but is charac¬ 
terized by a disrinctive song of its own. It is always dificult 
and sometimes impossible to make the shrub form lay its egg;s 
on trees, and vitt versa. 

Another cricket, IVeimiiHi fasciatus^ is in Iowa divided into 
several races readily disdnguisliablc by song-fiequency. Again, 
each race has its own ecological niche, but shows no or negligible 
morphological or colour dificrentiatian. In various regions, the 
fliiferent races are found side by side. In this case crosses have 
been made between members of distinct races, and the results 
indicate that the song-difieience is genetically determiued, and is 
dependent on several interacting genes. 

Since the song of crickets is an epigamic character, and since 
recent work (cf. Pumphrey and Rawdon-Stnith, 1936) indicates 
that insects most rely specially upon differences in song-Iiequeticy 
(rather than pitch) for auditory discrimination, this seems a clear 
case of the evolution of a special barrier against intercrossing 
beewten ecologically-differentiated groups (pp. 287, 385). The 
different types are perhaps best regarded as well-marked sub¬ 
species, though well on the way to conipletc independence. 

In wood-boring beetles of the family Cerambyddae, results 
were obtained very similar to those in Hyponomeuta. Various 
species are differentiated into "biological subspedcs”. normally 
confined to one or a few kinds of wood. In every case (e.g, the 
hickory and wdd grape strains of GyUene pirfws) the larvae can 
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be made to sbAodon their preferences and to live on and even¬ 
tually even to prefer a different type of wood? but the difficulty 
of inducing altered habits, and the initial mortality, differed very 
greatly in different species. In one ease at least moderate assortative 
mating preferences were exhibited. 

In Hawaii, in the beetle Pla^khyanus, the process of biological 
differentiation appears to have proceeded further, to the stage 
of good species. Three species, cacli confined to its own food- 
plant. and apparently never crossing, may occur together within 
the space of a few yards. Distinct morphological differences 
between diein exist, but arc so slight diat one entomologist lias 
written, “It is hardly conceivable that species can be more closely 
allied dian these and yet rctmin distinct.” Such a judgment 
reflects the natural prcoccupadon of the taxonomist wdi visible 
structural diagnosdes: we now know that groups may remain 
perfectly distinct though morpKolc^cally indisdnguishahlc. 

Many forms of gall-producing insects (e.g. Cytiips) arc distin¬ 
guishable solely or mainly by the type of gall to which they give 
rise. These will probably turn out to be adapdvc “biological races”. 

Sometimes diesc biologically adapted forms are aho gcO" 
graphically separated. Thorpe {1930) mendons the following 
illustration. In the Orient, the red scslc CliTysotiiphalui oitrantii 
is pamsidacd by a chaidd wasp. Camperiella bifnxiata. But when 
this was introduced into California to cope with the scale pest 
there, it w'as found to he useless. Aldiough C. mrantii in Cali¬ 
fornia is indistinguishable from C. rntrantii in the Orient, it must 
be diflercnt physiologically, for diougb the chalcid parasite lays 
its eggs on it, the larvae arc always destroyed by phagocytosis, 
instead of developing freely at its expense, as in the Orient. 

It is interesdng that the concept of biological races in wood- 
boring and phytophagous insects was advanced sixty-five years 
ago by Walsh, but that his conclustons remained virtually un¬ 
noticed until 1923. 

Biological races of tliis type are not confined to insects, but 
arc found also in many other groups, such as Arachnida, Nema- 
toda. Protozoa, Bacteria, Fungi, and some liighcr plants. Among 
the latter, the different races of mistletoe may be mendoned. 
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each charanerked by ability to parasitke a particular ho$t (p. 50S). 

In Arachnida^ the evidence, though not fiiUy conclusive, nukes 
it very probable that the mange-mites of the species Sarcopies 
jcoivr aie split up into biological races each adapted to a par¬ 
ticular host—goats^ sheep, camels, bors^, guinea-pig^p 

rabbits, men, etc. 

In the free-living mites of the genus Pitraietr0tYcktis, the process 
has continued to full spedarion, P. pilosus attacking only fruits 
of deciduous trees, and P. citri only citrus fruits. Though cross- 
mating occurs readily, it is never fertile; diere arc very slight 
morphological differences (so slight that the two forms were 
long regarded as belonging to a single species), and also slight 
differences m habits, egg-bying and food preferences, and in 
distributioti. 

The ""red spider'^ {Teiranychus opufftine) introduced into Aus¬ 
tralia to combat the spread of prickly pear (Opu^/id) is morpho¬ 
logically identical with the "ted spider*' of orchards and gardens, 
but is entirely conffned to Opumttf, and appears always to starve 
to death on any other food-plant. Here wc have complete bio¬ 
logical separation, but no visible divergenoe* 

Among Nematoda, Tyictahus {lipsad appears to be well- 
differentiated into biological races* e,g. strawberry' race and 
the narcissus race. In Hetefuderu mdJVu^^^, on the other hand* the 
various biological races can be made to adapt themselves to new 
hosts without much dUHculty. 

Among Protozoa, the trypanosomes show weU-marked "bio-^ 
logical races* ^ adapted to different hosts {see e.g, Duke, 192 r), 
but in these unicellular forms it is not certain to w'hat extent 
the phenomenon is due to Dauermodtjikaiionen induced by the 
diffeimt conditions. 

In Myxosporidia, similar physiological faces also exist (Fan- 
thaifi. Porter and Richardson, 1939}. 

The phenomenon of biological differentiadon seems to be of 
common occurrence in certain fungj^ The few examples which 
follow are taken from the summary by Ramsbottom (1940). 
The changes known to mycologists as y&ltaiim seem probably 
to be akin to the so-called ‘^mutations" of bacteria (p* 131), and 
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in some cases at least to dK Dmerrn&dijikaHmmi of Protozoa. 
In any case, in pathogenic forms they often icsult, as in bacteria^ 
in changes of virulence towards particular h-ost-^trains. In tl>e 
rusts (Uredineae), what appear to be ctuc biological races arc 
widespread. Somcdiiics the parasicbm is so strict that host-species 
may identified fay its mcanSp as whciii in the difficult group 
of willows, one species was identified by its reaction to the rust 
Aieliimpsora ribeui-parpurea. Similarly some rusts occariing on 
separate fane related hosts, and with specific life-histories, often 
show close morphological resembtanocs. !n such eases we arc 
clearly dealing with biological difierenoadon which has passed 
the species-lcveU 

The Puednia of grasses show the same phenomenon at the 
level of "biological races’*, but puslied to an extraordinary degree 
of diversification. Thus from one origin4iliy recognized "species'* 
P. grMimis, a second, P. pktd-pr^ends^ parasidzing P/ilewiw, was 
divided off some thirty years ago* The restricted R gruminis, it 
was then found, could be divided into six "forms"*, according 
as the host-plant was wheat, oats, rye^ or various gtas^. Each 
of these has now been shown to consist of numerous minor 
biological races, varying in regard to their infccrive specificity 
for various strains of the host-plant; thus some seventy * 'physio¬ 
logic forms** have already been detected within the main wheat 
form, Ramsbottom considers that the "species" P, graminis 
includes at least a thousand separate biological strains^ each con¬ 
serving its physiological pcculiarides with "remarkable con¬ 
stancy” (see aho below, p, 308). 

It is of great biological interest to find that this veritable army 
of biological races, which in one phase of its life-history b speci¬ 
fically adapted to several genera and a great many fuU species 
of grasses and cereals, b tcscricted during its other phase to 
quite a few species of the two genera , Bcrbms and Md^eir/d. 
Two strains which cannot live on the same grass can and do 
five on the same barberry. Thb unequal spedahzadon b doubtless 
due to the unequal taxonomic differenriation of the two types 
of host-plant, and must asurcdly have been accentuated by the 
artificial producuon by tnan of new strains h>r the grass phase 
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CO invade. It is an cxcelknt example of adaptation localized in 
time to a particukr part of the lifo-history (cf, p. 424). 

Of biological difietentiacion in bacteria we shall not speak, 
since it is not cer t a in , owing to the absence of sexual reproduction 
in members of this group and their consequent difierent type 
of evolution, whether it really represents the same phenortienon 
as in higher organisms (p. 131), This at least can be said—that 
srrabis diiTcring in virulence and in various important biological 
and biochtfinicat properties do exist within types that appear homo¬ 
geneous by ordinary criteria, and that the phenomenon in bacteria 
and higher organisms must rest on a common and fundamental 
capacity for physiological adaptation of strains wiihin 3 group. 

It remains to discuss the evoliitionaiy origin of biological 
diifercnciation in animals. For a considerable dmc it was sup¬ 
posed that this WAS a lamarckian phenomeiion, and various 
experiments apparently supporting this view were adduced. To 
take but one instance, J. W. H. Harrison (1927) studied a sawfly. 
P<mumia ulids, whose larvae produce galls on willows. This 
species contains a number of distinct biological races, each 
normally confuied to a particular species of willow', and each with 
specific e^-kying preferences. However, he was able ro convert 
the biological race normally confined to Satix anderunttiiitd into 
one adapted to S. rubra, by restneting speciiiicns for four years to 
plants of the latter ipedcs. The experiment was continued for 
three further years, during which a choice of both species of 
W'ihow was provided, but the strain remained rnic to its new 
host. It is to be noted that the mortality in the first generation 
was very high, and that only gradually was a race established 
which could be said to be adapted to S. rubra, 

Thorpe dtes nimierous similar cases, but this appears to be 
the most thoro ugh of what we may call the prcliitiinaty researches 
on this point. Lately, however, Thorpe himself has carried out 
beautiful experiments whirh denionstrate that the lamarckian 
interpretation is neither necessary not tenable. He first of all 
(Thorpe and Jones, 1937) reared the ichncumotiid Nemtrith 
atntxeta, which normally parasitizes only the larvae of the nieal- 
moth Ephestia kulmiella. on those of iJie wax-moth Adroit 
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grisella. This resulted in a significaiit chmge in the responses 
of the adult females. All female imagines of eHc species possess 
a gencticaUy-detennined response co the smell of Eph^ia, but 
those which have been reared as larvae ou Achma^ or have been 
brought into close contact with it immediately after emergence, 
show in addirion an attracdon to Aicitfoia which those from 
normal hosts aJto^thcr lack- Later work showed that this result 
of larval condidoiiing depends on a general tendency to be 
attracted by any olfactory stimulus characteristic of a favourable 
environment (Thorpe, 1958)* 

Further work with Dws&phik mdoiWgastet (Tliorpe. 1939) has 
extended these results and shown their general applicability to 
tion-parasitic as well as parasitic insects. Whereas adult fruit- 
flies are normally repelled by the smell of peppennint, those 
which have been reared on a synthetic food medium to which 
peppe-rmiot essence has been added, are markedly attracted by 
the smell of peppermint when tested in an olfactometer. Further^ 
this response is not abolished (though it is somewhat reduced) 
by washing the fully-fed larvae c^^ newly-formed puparia free 
of all traces of the medium and of the peppermint essence, dius 
proving that influences operative only during the larval phase 
can influence adult behaviour. If not reinforced, the influence 
gradually disappears and becomes extinct after about a week. 
Finally, in Drosephih as in Nemerhis, it was found that exposure 
of the adult insects only, ini mediately after emergence* to the 
smell of peppermint brings about positive condJtiotikig even if 
the smell is not associated with any favourable aspect of the 
environment—the mere fact of the ocoirrcnoc of die sum ulus 
ac this dme brings about subsequent attraction to media con¬ 
taining the same substance,* 

To use Thorpe^s own words, "the theoretical importance of 
such a conditioning effect is that it will tend to split a populadon 

* Ai Thorpe suggrats, these rt&ults may also cxpluEi flip interestsiig 

qbtoiinpfi by Sladttcn and Hewrr ( 19 ?^) on thv fiKRj-prefi:fviii:es of ifit t 
ijisct'H, for whirli* prior co Thorpewqrk, j J^inarckLui iiiicn^reiaeicin jeciiieii 
almail jocvit^bk (stc p. 459 ). h will be of the greater hiteruSl lo IliT Sladdeii^s 
resuJu id the lig^ht of Thorpe^s niethntiU. ^nd with a s|H'dr9 capable of 
teproductioiir 
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into groups attached to a particular host or focid-plant, and 
thus will of itself tend to pnrvent cross-breeding. It wiU, in 
other words, provide a non-hereditary barrier which may serve 
as the first stage in evolutionary divc^nce'*. We have here a 
beautiful case of the principle of organic selection (p. 523), as 
enunciated by Baldwin (i 8 p 6 , rpoa) and lioyd Morgan (ipoo), 
according to which modifications repeated for a number of 
generations may serve as die first step in evolutionary change, not 
by becoming impressed upon the germ-plasm, but by holding 
the strain in an eiivirontncnt where mutations tending in the same 
direction will be selected and incorporated into the consrirudon. 
The process simulates laniarckisni but actually consists in the 
replacement of niodifications by mutations (see also Osborn, iSpy). 

That such a repbcciiicnt has actually occurred in the formation 
of biological races in insects is strongly indicated by the high 
mortality diai, in Harrison s experiments with Purtfamd and many 
other cases, often attends iransteienoe to a new host. Harrison was 
able to transler his sawflies to a new host-plant by means of their 
olfactory conditioning mechanism, but only at the expense of 
eliminating those that were genetically best adapted to the old hosL 
Had previous genetic adaptation gone further, olfactory condition¬ 
ing, while it might still have induced oviposidoii on the strange 
host, could not have given rise to a viable strain upon it. 

Once genetic adaptarion to a particular host bw begun, selec¬ 
tion will step in to prevent the biological waste which would 
be caused by the desposirion of eggs on other hosts. The mechan¬ 
ism of olfactory conditioning provides a certain reserve of 
plastidry; but this plasticity wdl become hedged about by 
genetic safeguards. Genctically-dctcnnincd attractions to tiic 
normal host w'ill become established, and also specific assortative 
mating reactions to prevent cross-mating. Thus ecobioric isola¬ 
tion here has the same general ctiects as geographical or ecotopic 
isolation, but operates by rather a di^reiu mechanism, and 
follows a somewhat different couisc as regards tih; degree of 
divergence in morphological, physiological, and reproductive 
characters respectively. 

Organic selection, but of a quite diffricnt ijpe, appears prob- 
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ably to be operative in lice (PfJrmliij; EUmmary in Thorpe* 
As is now well dioiigh the human body-lome 

and head-louse are so distinct morphologically that they have 
received different names, yet hcad-hce can be transfonned into 
the body 4 ouse lype by being kept on the body for four genera¬ 
tions. Unfortunately no data exist as to the initial motiality* 
though the change seems to have been readily effected* The 
two types also exliibit biological differences. Head-lice feed more 
frequently but take smaller meab* are more active at lower 
temperatures* cUmb more actively, and exhibit egg-b)ing pre¬ 
ferences for hair as against cloth. The two types must be con¬ 
stantly exchanging members by migration. It would seem that 
we arc here witnessing the incipient phase of a process of organic 
selection, in which most of the quite wcU-marked differences 
bemeen the two forms still depend on modification* However, 
anything \vhich intensifies selection for closer adaptation would^ 
we may prophesy* speedily bring about gcuetic and reproductive 
divergence* NucuU suggests that* if nmn becomes progressively 
more hairless, body-lice alone wdll survive. If so, many of their 
adaptive peculiarities should become genetically fixed by selection 
(bu^^see also Buxton* 1940; Pamitol: 303). 

Organic selection may also operate in song-birds. Some basis 
for song is certainly fixed genetically in all birds^ and in some 
species this is the whole story. In others, however, there is con¬ 
siderable plasticirv't and much of the song is learnt by the young 
birds from their parents or other adults. Thus Balumore orioles 
{ktmis galbnta) reared in isolation developed a song tculiy 
unlike the normal, and retained it throughout their lives. Other 
Baltimore orioles reared with them Iramcd this song and sang 
it exclusivelv, even after their foster-parents^ death (W. E. Scott, 
1Q01-2)* By isolating )'Oung canaries and allowing them to hear 
only the song of the nightm^le {on gramophone records) it 
has been possible eo produce a strain with a song intermediate 
between the canary and nightingale rype^* 

Numerous data on the subject are scattered through the 

^ A brief refecenee m diii cxpcriincnC ii made in J. Om. 75 : ^4^ ( 1 ?-?)- 
Df. E. .VidVT tells tne that ii carried due by a fancier oamed Rcicb, but that 
complete prwf not supplied. 
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Hcinioths’ niontHnciital work (1934-6); see aiso O. Hciriroth 
(1924), Stadicr (1929). In the blackbird (Turdns menth), the 
chiflTchafF {Phylhscopvs coUybita), the grasshopper vrarblcc {Lotuf- 
tella naci’ia) and, the short-toed treecreeper {Certbh bftttiiydaciyla) 
song is innate, and is quite normal even in males reared without 
hearbg others of tlicir own species sing, whether in isolation or 
exposed to the songs of other species. 

On the other hand, the whitethroat (Syii/Jd cmmHuis), the tree 
and meadow pipits {Anthiis trivialis and A, praiensis), the green¬ 
finch (CWflm chhris), and the chaffinch {FringUk axicbi) have to 
learn their songs. Young males if kept in isolation produce a quite 
abnormal song, e.g- those of the untaught tree pipit and meadow 
pipit rescTnble the nacuiai songs of grasshopper warbler and serin 
finch (Sfffijfjs f(TN4ri(fi} respectively, while that of the untaught 
chaffinch is not unlike that of a lesser whitethroat (5y/i'te 

It is not easy to discover on how many cases the Heinroths’ 
conclusions arc based, and possibly the reality ts not quire so 
clear-cut. However, the general conclusion diat some species 
liave to learn their song seems inescapable. 

Forms in which song is not innate will, if kept widi other 
species, leam from them. Thus a whitethroat and a linnet (Cer- 
duehs istuwhina) reared together both had an identical song, 
rcscinbllug a niixtute of a robin's and a skybrk's. 

There seems to be a predisposition to kam the normal song; 
thus a nightingale which mimicked the songs of various species 
with which it had been reared, very rapidly learnt its normal 
song on hearing it next year. 

Other species if kept isolated will produce an imperfect version 
of the normal song, and will Icam more or less thotoughly from 
other species. Tlius the untaught yellowhammcr 
fffrittff/a) never develops the complete natural "phrasing*’; one 
kept widi a normal linnet developed a song extremely like a 
linnet's! The robin (Btr/ienfr rttbeada) and blackcap 
atrkapiJb:) fall into diis category. The song of the song-thrush 
(riirdHs ericttofuiti) is almost wholly innate, but can be sligliily 
modified by "learning”; the skylark (Ahuda srtrciifis) has a song 
which must be almost wholly learnt. 


SPECIATION, ECOLOBICAt AND CENIiTlC J07 

Ie would be cxpcctt'd char sinipk &ongs would be innate, 
elaborate soitg$ Icamt. But while th^ is true for simple songs like 
the chiSchafPs and for more elaborate songs like the white- 
throat's, the cLborate song of the blackbird is uiuate, and die 
relatively simple song of die chaffincli has less innate basis titan 
the blackcap's very chboratt; song. 

Members of the same group may dUfer radically; tlius the 
warblers (Sylviinae) include all three types, e.g. cbiflchaff (innate), 
blackcap (pardy innate) and wbiteihroat (wholly Icanit). 

In most Osciiics the call-notes arc genetically deter mined, but 
in die whinchat {Sixi£ 0 h nibttra) and several hnehes some or all 
must be Icortut, A goldfinch kept with a budgerigar developed 
call-notes entirely of budgerigar type. In all other groups of 
birds, die coil-notes arc wholly innate. 

One m^ht further expeet that learnt songs would be more 
variable in nature than innate ones; but this diies not seem to 
be the case (except possibly for die ciioiTincIi}, 

The need ior distinctiveness gives a possible due to the origin 
of this extraordinary phcnotiiciion. Granted die widespread 
capacity to iniiute the notes of other species, which ap^ieats to 
be widespread among Oscines (diough to a very varying degree), 
the character of a song could be riiucli more rapidly altered 
niodlficatioiiaUy, by learning from exceptional performers, dian 
geiicticoUy; and this would be advantageous with two related 
species, originally with very simibr songs, iidubitiiig ilie same 
area (cf. p. aRp). The new leamt type of song might beer be 
rendered partly or wholly innate by mutation (organic seleetion; 
pp, 304, 523). 

Barking in dogs and its absence in wolves arc bistii noii-gcnctic 
(lljiii, 1941); in certain conditions dogs cease barking, in others 
captive wolves begin harking like dogs. 

In fungi, no conditioning mechanism (p, 303) can operate, as it 
obviously depends on a high degree of nervous specialization. 
Itcccnt research (T, Joluison and Newton, 193S) on the wlieai 
form of PlKfCim'djfriiiJiirtjs (see p, 30i) sliow that the inbreeding (by 
selfing) of biological races brings about the appearance of many 
new types, apparemly by the bringing to light of niendeliaii 
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rcccssives. Some of tte new characters concern colour, others 
arc scmi-pathological, whUe soil others cause a change in the 
lifc'^ycle or an alterstion in viraienoc^ The authors point out 
that homozygosity in rusts like Auaitie must be rate. Thus 
the variety of biological races would here appear to be main- 
taioed through a wide range of variability for those properties 
conccmcd with adaptation to various hosts, coupled presumably 
with widespread mortality of the non-adapdvc combinations, 
If so, then we have a close parallel to the method by which 
ecoclines are established in higher plants (p. 275}, and another 
case of marked divergpi^ between plants and animals as to the 
mechanisms underlying adaptive differentiation. 

True physiological races do occur in parasitic higher plants, 
c.g. the coininon mistletoe Visautt atbum (sec A. W, Hill, ipjo). 
Here, however, the mechanism of difierentiation seems to be 
similar to that in insects. This species compnscs three main races 
or groups of races, one parasitizing deciduous trees, one firs 
(^bter) and one pines (Pi'flas). These arc so strongly dificren dated 
that the seeds of a fir mistletoe, for instance, wiU not grow on a 
pine or vkf versa- visible difiercnces between the races, however, 
are negligible, 

5, PHYStOLOCICAL AND KEFRODUCnVE DITFEREmlATION 

Biological races provide the best-onalyseid cases of evolutionary 
divergence which is whoUy or primarily coticentratcd on physio¬ 
logical as opposed to morphologic^ chaiactcts. However, there 
are numerous other examples. E.g. subspecies of rattlesnakes may 
show marked differences in toxidty of venom (Daily, 1941): 
sec also p. 27J, Wc have also referred to the preponderance of 
vocal divergence in ecologically diflcretitiated spccics-pairs of 
birds with inconspicuous habits fp. 2 89). Geographical diffcien- 
tution in song is, however, quite a general phenomenon in 
birds. For instance, Promptoff (1930) and Howard 19 ^^) 

have studied the geographical variation in the song of the cliaffinch 
(Fringilta ceelefo). and find it quite marked. An interesting point 
stressed by Prompcolf is that the characteristic differences m the 
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songofchafHnchn arc in part Icamt by the young birds (Heitiroih 
considers them entirely Icamt; p. 306). Thus the difTereni 
geographical groups will tend to maintain their soiig-difierciiocs 
in spite of a considerable amount of exchange of popubdons 
through the wanderings of young birds—a rather special example 
of the principle of organic selection > Howard also noted geo¬ 
graphical variation in the song of several other spcdcs. In 
general, he concludes due a more humid environment is corre¬ 
lated with a lower pitdi. In some species, e.g, blackbird {Tufdus 
merula), cuckoo (Cnm/us caHonts), great dt {Parus majer) and 
sedge-warbler {Atrocephalus sch&tnobaenits), he found marked 
geographical variation, while in others, such as yellowhammcr 
{Emberixa citrinella) and cole tit (Pants titer) it was slight, and in 
sdll others, e.g. willow warbler {Pliylhseapm tnchilus), Ik could 
detect no diflcienccs. 

The Shetland subspecies of wren {Ttoglodytes G zcficttilietts) 
differs more obviously in song than in siac or colour from the 
type subspecies, while the reverse is true for the St* KLlda form 
(T, f. hiftensis). We have niendoncd the vocal divergence of 
crickets (p* 298), Without doubt similar phenomena await dis¬ 
covery in all groups m which sound is concerned with sexual 
rccognidoii or stimubdon* 

Tlic recent intensive field study of birds has also brought to 
hght many interesting examples of biological diiTcicndation in 
habits. Thus the common robin (£fifAaews ruheewia), which is 
proverbially lamc and an associate of man in Britain, elsewhere 
in its range frequents quite other habitats and may exhibit a very 
dificrent temperament. For instance, in many parts of central 
Europe it frequents pine wooth, and b not specially tame. In 
faa Hcinroih and Heinroth (1924-1926; vol. I, p. 10) arc sur¬ 
prised at what they regard as the legend of its tameness, and say 
that robins in nature are almost invariably shy and suspicious. 
Mr. H. F. Witlicrby informs me that btith in Spain and in 
Corsica it prefers woods remote from human habitation, but 
whereas even in these situations it is tante in Corsica, in Spain 
it b very shy. 

Tanicntss may be genetically fixed in regions wlicrc normal 
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ptedaioiE arc absent. Thus in the Galapagos islands Mr. D. Lack 
tells me that a tyrannic! flycatcher, Myiarchus. hopped all over 
him, cndcarouiing to remove hair from his head, beard, and 
armpits as nest-material; and Beebe (19124, p. 285) records that 
the local blizzard (Britre galapageasis) can be approached to 
Vpdthin two feet, and specimens have been captured in a butterfly- 
net! 

Individual and local pcctiHarities b such habits as ncst-buildmg 
have been noted in many species of birds. As an example we 
may cite HctTick (1939) oR the American robin {Turdus mr^cf- 
ron'its). Thus in New Hampshire and Ohio the species never uses 
leaves in the construction of its nest, in spite of their abundant 
availability. In New England, where leaves arc -cntploycd, a 
particular individual showed a marked ptefercnce for those of 
the silver maple. While these differences appear to be genetically 
detcemined, others depend on the availability of particular 
materials. Thus in the northern part of its range, where the 
birds are confined to stunted spruce wooth, diey construct a 
dense large frame of spruce-twigs, moss, and lichens, and are 
driven to use ^ass-blades or moss as Iming hi place of the cus¬ 
tomary mud or clay. In northern Maine, twigs arc employed for 
the frame in place of the customary grasses and weeds, and leaf- 
mould for the lining. Such diflcrcnccs in ncst-construction, 
dependent on availability of material, provide yet another 
example of organic selection. Genetically determined preferences 
arc likely to be sclcctctl for later, to accentuate and fix the di^- 
mccs imposed by the environment. 

The choice of nest-site itself may be changed by the environ¬ 
ment. Thus to take only a few from the wealth of possible 
examples, on the treeless island of Tcxcl off the Dutch coast, 
kestrels {Faho (iriririRcidifs) breed on the ground instead of tn 
branches (Van Oordr, 1926J, and stockdoves {Cohmha oaias) 
hr holes in the ground instead of holes in trees. Cormorants 
normally breed on rocky ledges; but in various places they have 
taken to nesting in trees. AU such diffrrences in habit, while 
originally mere modifications, afford a basb for further genetically- 
determined diveigence of an ecological type. J, Fislicr {i939d. 
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Ct. I i) give^ variOL4S examples of this plasticity both in regard 
to nest-sitc and ncsc-matcrial. [nsdiictivc habitat-sclccriok icuds 
to isolate bird spcdcs ecologically, but Lack (19406) considers 
that it piap litde part in primary speebdon, though it may 
help to keep cUficraitiatcd forms from meeting and inter- 
cTosshig (see p* 254), 

Many birds occasionally by egg;s in the nests of other species. 
This aberrarion of reproductive instinct has without quesrion 
formed rhe basis for the evolution of the various cases of repro¬ 
ductive parasiiisni seen in cowbirds* cuckoos, cic. Cuckoos may 
show further diSerendarion into strains adapted to different 
fiKtcrer spedes (Jourdain, 1925). Among insects^ the slave-making 
anrs provide a parallel example of reprcnluctive specialization. 

In migratory species of birds, differentiation may be promoted 
by individuals remaining in their winter quarters to breed, and 
eventually establUliing isobted breeding-groups* Among examples 
cited by Mcincrczhagcn {1919) ^ tHe breeding colonies of the 
bee-eater Merops ^piaster in S* Africa, and of the sandpiper 
TotJtmts hyp^lci^is m E. Africa* The common European swallow, 
Himfidu r. mstka, is suspected of breeding in Uganda. However 
established in the first mstazicc, such groups would be repro- 
ductively isolated and might readily come to show visible 
difierentiation. 

A remarkable combination of biologit^ with geographical 
divergence is seen in Tmkcgmrnma (summarized in Thorpe, 1940). 
The American forms of this hymenopteran egg-parasite have 
been carefully studied, and prove to be characterized by bio¬ 
logically important differences in bngth of hfc-cycic (due to 
differences in temperature-optimum), accompanied by slight 
colour-differences. Though the various forms arc primarily 
geographical, there is considerable overbp of distribution, proring 
the existence of some physiological or leproductivc barrier to 
intercrossing* 

The biological different^ are highly modifiable by environ- 
ment,: so that rearing under standard conditions is needed to 
demonstrate them* The differentia] diagnosis of natural forms is 
consequently a matter of extreme difficulty. One authority on 
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the genus is reduced to describing a cettajn fonii as that "whidi 
has distinctly lemon-yellow females during the wami part of 
the active season"! 

This, like most cases of true biologicai races. lias not been 
brought to light by taxonomists, but by workers in applied 
biology. It is die economic importance of divergence in physio¬ 
logical characters in pests and counter-pests which has led to the 
discovery of this new type of taxonomic diversification. 

An iniercsting physiological divergence occurs in the temiitc 
Fontteayeis Nasiintemes gua^anae (Emerson, 193 s)* This can be 
divided into two distinct groups (considered by Emerson as good 
species) according to whedier the nests contain one or another 
set of scaphytinid boede species as nest-parasites. The distinction 
is absolute, and is correlated with slight differences in die soldiers 
head-size, though the sexual forms arc indistinguishable. Emerson 
(1934) also reviews cases where termite speciation is accompanied 
by spcctadon of the contained protozoan symbiotes. 

An even more curious case Is that of the IcaHiopper CkadMlina 
mbite, which is divisible into two races solely on abiUty or inability 
to transmit the virus of "streak disease” in maize (Storey, 193 ^)* 
The difference in this case depends on a single gpne (a sex-linked 
dominant), and is concerned with the penetrability of the gut- 
wall by die virus. Here we would seem to have an “accidental ’ 
chaiaacr present for unknown reasons in dimorphic balance 
with another. It is easy to see how. through die effect of the 
virus on the food-plant, it might become the basis for adaptive 
biological differentiation. But the two forms cannot yet be 
regarded as true biological subspecies. 

Numerous infra-specific groups differing in life-cycle and 
reproductive mechanism also exist. Tliorpc (1940) gives examples 
of these. Thus the spurge hawk-moth comprises some individuals 
which arc subject to an obligatory diapause in development, 
while others do not; some audiorities maintain tliat the cock¬ 
chafer is divisible into groups charaacrized by diree-ycai and 
four-year life-cycles; and so on. 

A peculiar type of differentiation has been analysed by dc 
Larambergue (1939, 1941) in die pulinonatc mollusc j0«/inur lott- 
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tortus. Here some specimens Lek 2 penis, and arc therefore 
obligatorily sdf-fcrdliziiig. In certain localities such aphallic 
individuals consdruCc the vast majoiicy of die population, in 
o'theis they ace almost absent. Aphallism has a genetic basis, but 
ardhdal selection in the laboratoty has as yet been unable to 
produce slocks in which all individuals either lack or possess a 
penis. The condition may possibly be one of balanced selective 
advantage, comparable with that of gynodioedsm in planes 
(p. 140; and see Mather, 1940]. 

Reproductive divergence as a cause of speciacion is discussed 
by Hogben (1940). It may chatactetite related species. Thus 
in five species of die sear-anemone genus Sagartia five distinct 
methods of reproduction exist (Stephenson, 1929). [t may 
also be of preadaptive advantage. Then we have the recent 
very rapid extension of range in the gastropod Paiudesiritta 
{Potamepyrgiti] jtnkinsi in the fresh waters of tius counoy, while 
elsewhere it seems to be restricted to brackish watets (Robson, 
2923). Later work (Sanderson, 1940} shows that both British 
and continencal types are parthenogenede. The British form, 
however, appears to be tetraploid, uid this may be the cause of 
its greater ecological tolerance. 

A somewhat similar case, but one in which the reproductive 
advantage seems to be causing the replacement of one type by 
another, not the extension of range of the specks as a whole, is 
described by Crosby {1940) in the primrose, Pfimula vulgaris. 
In this normally heterostyled species, long homoscyle plants 
(with pin style and thrum anthers) have been found in abun¬ 
dance in an area in Somerset, the abundance decreasing round a 
centre. If. as seems to be the case, these homoscyle plants are 
normally sclf-fertiUzedL it can be calculated that, owing to the 
peculiarities of reproduction in heterostyle forms, the homcstyles 
will increase at the cxpcosc of the two normal heterostyle 
types (see p. 222).* 

^ Tlic problem renuius ai to why tbc boinoityb condition ha not everywbor 
become oonnil, since nccanoiuL bomostybt art fowdt prosamably u muojui, 
in nuoicrous oatoxal Posably the hoiocdfyb type wbidr ha become 

abimdini u mxcptiofulLy brtib. In any case hctcroftyly hai a long-cfim 
*cbrantage in pitmiotin^ out-erasing (see p. toy). 
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Various ca^es in insects arc known in which geographical 
races difier in reproductive methods. Thus hi Diprhn poly^omum 
S. G. Smith (15^40, 1941) finds that, though all races arc cipaWc 
9f pfthcnogpiicsis^ in some the unfertiiked eggs produce 
only males, in others females plus a few function less males, in 
addition,, the types differ in chroinosomcHiumber, so that the 
divergence is also a genetic one. There are some other physio¬ 
logical differences, but no uiorphologlcal disdiicoons. Van del 
(1939} finds that in a woodlouse of the genus Tn^koms^us^ the 
tripKvid parihenogeiictic form is much more rcsistam to low 
temperature and aridity than the diploid sexual form, and has a 
correspondingly wider distribution. 

The triploid and autoletraploid varieties of numerous plants 
and some animals also fall into thb category. These often dificr 
in conseqacntial characters affecting siaie, vigour, temperature- 
resistance, ctc=, and often in the prevalence (obligatory in triploids) 
ofnon-scxuai methods of reproduction (sec p. 335), 

We have already mentioned the primarUy physiological differ¬ 
entiation of the forms of C^irabus tiemoraHs (Krumbiegelp I93^)i 
the physiological characters of the geographical races of Lymau^ 
triiS (p. 216), and the geographical differences of temperature- 
Instance in Drosophiid furt^bris (p. 191). Similarly, on the species 
level, the North American grape Vitis labnma is much more 
cold-msistant than the European grape, and crosses with it can 
be used to confer cold-resistance on wdne^Tapes to be grown 
in climates with low winter temperature (Wellington, 193^)- 
Eloff (ipitj) has shown that local generic differences occur in 
Drasophild meltutqgdsitr as regards the tropisms of pupating larvae, 
those from a ccftain area in S* Africa puparing on or in the wet 
culture medium instead of creeping up to a dry situation. 

The differmtiarion of the genus Gepiuwflmjf seems in many 
eases to have been primarily physiological, in rektion to salinity. 
A salient example is C. recently described by Sexton 

(1939). Its morphological diffcrenriae are quite slight, but ic is 
characterized by an exceptionally high range of tolerance for 
salinity and dissolved substances in general, which results in iis 
being restricted in nature to inland waters of peculiar composirion. 
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The case of G. z^dda^kt (Spooiier, 1941, .ind see J.Mar. BwL 
Asi,, 24 : 444) is even nioic interesting. This is esscntialEy a 
brackbh-watcr species^ which in short estuaries in the west of 
England exisK only in a low-salinity fortn. In long estuaries, 
however, a higb-salinity form also exists, nearer the sea, and 
exhibi ts visible differences in a few min or characters. Though 
die tw'o tj^pcs arc so similar^ and d^ough their zones somewhat 
overbp, there is no Lntergxadation in natoiv, and in captivity, 
though they will mate and occaitonally produce eggs, they are 
intcrsterilc. These arc cbarly incipient physioU^ical species, but 
the origin of the genetic barxicr between them is as yet obscure* 
k is possible that in Germany the ecological rebcion of the 
species, and its differentbtionp may be somewhat different. 

The non-migratory (bnd4ockcd) and migratory forms of 
salmon, as well as die non^niigrarory brook and lake forms and 
the migratory form of die trout (Tcheniavin, 1939) provide us 
with another rype of physiological diJfcrentiadon, Tl^; disdne- 
tjon between die non-migratory and migratory forms seems ui 
some cases to have been compulsorily imposed by geograpliical 
changes resulting in some types becoming land-locked, and 
further differcnciadoii, some of it adaptive, to have occurred 
subsequently; in odicts, however^ no such btdaElou can have 
laken pbcc, and die behavioural divergence must be primary* 
As we have already seen (p, 28^), a sopiew hat similar divergence 
lias occurred in bmpreys. 

“Preadapiatjons" which might give rise co physiological 
diflerenciation arc probably not unconimon. Thus Cause and 
Smaragdova (1939) find that die sinbaral form ot the snail 
FnHkkoIa kntzi loses weight more rapidly than dexcrals when 
starved. A species of Amcricui sabmandcr contains tw'o types 
dthcring ill die size of their red bloixl-cotpusclcs (Piun J * B** 1937; 
J. Hered.* 28: 37j)- The frizzled fowl (p. iiS) provides an excellent 
example occurring under domestication where the prcadapiive 
mniation has actually been urilized. See Chap. 8, ^ 5, tor further 
exampJes. 

We may conclude with a very extraordinary example of 
reproductive divcrgctice, described in detail by Meyer {J938) after 


3 i6 evolution: the modeiin synthesis 

discovery by Hubbs and Hubbs (1932). They found a cyprinodont 
Ash which was characterized first by being 

always associat^ with one or other of two dosejy-cclated spedes* 
M. sphettops and M* Iditpwna^ and secondly by consisting solely 
of fcmdcs. Investigadon revealed that the eggs of chb spcdcs 
were aedvated by the sperm of the males of the other ipcdcs! 
The one spedcs is thus a reproductive parasite on the otherSp 
and mating occuis normally between k and them^ though there 
is no resultant irue hybridisation^ M* formosa itsclf,^ however^ 
appears to be itself a natural hybrid^ formed where the other two 
species meetp and maintaining itself in this peculiar fashion. 

These examples will suffice to show how widespread are 
various forms of essentially physiological (non-niorphologicai) 
evolutionary divergence. Thorpe (1940) concludes that certainly 
in mo^ phyla^ and probably in allp “there exist , , « groups 
of individuals which are undoubtedly distinct species in every 
sense except the accepted morphological o^e*^ We have given 
numerous instances showing the phenonienon in its incipient 
stages. And a survey of any group will reveal many cases in 
which physiological and ecological divergence most have been 
primaryp morphological distinctions ha\^g been added in the 
course of later evolution^ 


6. SPECIAL CASES 

In this section we shall refer to certain peculiar types of taxo¬ 
nomic groups which do not seem to fit into any of the normal 
categories of cvolutionairy diiFcrcndation. The most interesting is 
that of certain mosquitoes and gnais. The existence of these 
groupSp like that of biological raccs^ was Erst detected owing to 
their practical importance—in this cascp for human healttL 
The intoisivc study of malaria had led to two apparently 
opposed views as to the methods to be used in eradicating the 
disease. The onCp basing itself on the indubitable fact that malaria 
h transmitted by mosquitoes^ urged that the itiscct vcctiL^r nmst 
be eliminated; the othcr^ adducing the equally indubitable fact 
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thaE impFOvemdits in housings notably in separating siablcs from 
human dwlling-pbccs, often rcsiiited in i marked drop in 
malaria incidence, was all for concentrating on ^^bonificar on^’ 
and the general raising of standards of Uving. Both have no 
been proved right—and both wrong: each method applies onij 
to certain forms of malarial mosquito. 

The insect vector of human malaria in Europe is generally 
stated to be a single species of mosquito^ Anopheles macnUpennh* 
Recent work (see Haictc and Missiroli, i9J5; Hackett, 1937; 
Swcllcngrebcl and dc Buck , 1938) has shown that this “species" in 
reality consists of at least eight distinct groups, each with their 
own characteristics. No structural or colour differences between 
the adults of the various forms have yet been detected^ or in the 
pupae; the larvae show slight structural differences, which in 
any case arc valid only when tested sraristically. But each form 
can be immediately diagnosed by cgg-<haTactcrs,^ both its coIi:*ur 
and pattern, and the size and stnxctuie of the egg-float, a^id 
these are completely correlated with striking differences in habits 
and ecological preferences. In addition, each form has its own 
characteristic dbtribudon, though there may be considerable 
overlap. Thus, to take but four of the forms, race typkm^ with 
light grey eggs barred with black and large rough floats, breeds 
in fresh, pure, and usually running water, shows complete 
hibernation, refuses to breed in captivity, and neglects man 
entirely if other sources of blood (e*g- cattle) arc available. Tc 
is mainly an inhabitant of mountain ranges. Race ehtus, on the 
other hand, has an unpartemed cgg+ without floats ^ it breeds 
in shallow stagnant waters, often brackish or quite salty* as it is 
the most tolerant to salt of aU the races.* In its feedhig liabits 
it is the most strictly adapted to man, and prefers human blotid 
even w^hen animals arc also present. Geographically it is a sou them 
form^ confined to the Mediterranean region. Thirdly, we have 
otroparpus^ a northern form with dappled eggs, and small sn™iih 
floats. It breeds by pnrfcfciicc in cool and slightly brackish w'atcrs, 
and mates readily in stiiall cages; it is unique in that the males 

* Thiv face ihoMTi a (lirthv^T phynobfiiejl lubdivisiun. siisCtf tn ir 

ippem to bfk this high lokranoc, and ia there etnilmoct mainly to fresh u iter 
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do not assemble in swarms. It wintcfs in rather warm places, 
showing only partial hibernation, and feeds at irregular intervals 
during this period. It tends to have rather short wings (averaging 
about to per cent less than in race It will bite bolb 

Tiian and animals, and a considerable praportion may be attracted 
away from man to animakr notably pigs and horses. In Holland^ 
whidi has been carefully investigated^ it and messenc arc the 
two faces chiefly present {with typhus occasionally found in the 
east). Their distribution overlaps considerably, but in rcgiims 
of more braclcish water mrssede is rare or absent^ while in fresh 
water it is in the majority, chough not preponderantly so. 

Finally^ race /.catrEirfffjiur^ with palc» broad egg^ and very small 
but rough floats, is an mhabitant of brackish and salt nianhcs 
in ua-rm regions, lis hibernation is both short and very imper-^ 
feet* and it will bite man as well a$ animals, with rather more 
preference for man than atTQparmiS. 

As a result of these peailia[itii3, elutus is always associated 
with intense malana, which can only be eradicated by destroying 
the mosquito or its breeding places, or preventing the insect's 
access to man. TypicHr, on the other hand, is of very little inipor- 
tanoc as a malaria vector, and raising the standard of life, by 
increasing the number of domestic animals and providing separate 
accommodation for them, will deviate it almost entirely away 
from man. h a serious malaria vectorj which can 

only be partially deviated to aninub; while is a source 

nf mild endemic n^alaria, and cari be to a considerable extent 
deviated away from man by improving conditions. 

The different races are also separated by sterility barriers. 
These arc in some cases complete, but ihe stage at which they 
operate varies. Thus in some eases no eggs arc obtained, or the 
larvae all die soon after liatching; in the atroptiruus-clutus and 
atropmfus-missfik} crosses the larvae die, but at a btct stage, 
while the typiaa-dSfopar^^us crtjss gives heald^y but sterile adults. 
In other eases, die barrier is only partial; sometimes all jisales 
and some feiiialts are sterile, in others all females and some 
mak^ are kTtile. Thus biologically these fi>rin^ are full species. 

SweUcfigrcbel and dc Buck (193^+ p+ 90) have shown ftnthcr 
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that even withki a single race (dfrapfflVwj) considerabtc divmi- 
6 carion may exist, dJlFercnt strains showing dlfieroit ecological 
preferences and difierent resistance to salinity^ and broods occa¬ 
sionally turning up with unusual characters of eggs or larval 
hairs. They consider that many other races will show similar 
intra-group variation. 

The practical needs of human health having brought these fac^ 
to lights a similar didcrentiadon into ecological races has been 
looked for and discovered in other forms* both of Anoph^tts 
and of the common gnat Cwfev pipkns (sec ^nnnn^ary in Thorpe, 
mo)- 

Pinally^ it is of some interest to note that the malaria parasites* 
as well as their vectoEs, are differentiated into physiological races* 
Thus Plasmodium i/jVdx* the tertian parasite, exists in at least two 
forms (see Sw^eUengrebel and dc Buck, 1958* pp^ 237 seq^) differ¬ 
ing in number of merozoites, inciibatioa period, type and gravity 
of symptoms produced* latency, susceptibility to temperature 
and anti-malarial drugs, and in showing an incomplete reciprocal 
immunity^ Different strains may m some cases be capable of 
hybridization within the insect vector (MajiwcH, 1936). 

Tills ease has been dealt with at some length because of its 
numerous points of interest. From the evolutionary standpoint^ 
the type of differentiation is unique in that the races, while 
well-defined ecologically and physiologically, and to a consider¬ 
able extent geographically, yet show much overlapping, and are 
only kept distinct by genetic (reproductive) barriers. It is for the 
present extremely difficult to understand what has been die actual 
cause and mechanbm of their evolutionary differendationp 

Equally puzzling, though in quite a different way, is the »sc 
of the common limpets (Pdte/id) of Europe and North Africa* 
investigated by Fischer-Piettc (1935). Here, again, two apparently 
contradictory opinions were prevalent, one that they constituted 
but a single species, the other that they should be divided into 
at least three species* Again, both views were paitialiy righL 
Fischcr-Picctc, on the basis of extensive collections over a large 
area, has been able to show that in certain regions the asscmbbge 
of limpets falls into three discondnuous groups, characterized 
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both structurally (diflTcrcnccs in radub-tcedi, etc.) 211J ccolop- 
colly* each having a preferred lone of the ititertidal area. In 
cither regions, however, no such separation is possible, and the 
assemblage of limped forms a coudnuoiis whoU% the difEerent 
types intergradiog completely widi each other. Dr. Fi.<l^er- 
Piette has. however* informed me verbally that the dbtributton 
will probably turn out ro be trimodal* the three modes ol die 
curve coincidJng with the modes of die three separate types of 
other regions. These general conclusions have been confirinctl 
by Esiick (i94jo) ac St, Mary ([sic of Man), where, how¬ 
ever. only two types can be distlnguislied. 

Here we would seem to have an ecological divergence, which 
in some regions has led to complete spcdadoti, in odicrs t^nly 
to a partial separation of adaptive types. But whether the con¬ 
dition of a single continuous trimodal group is primary and 
tonsdrutes a step towards complete sepai-ation, or whether it is 
secondary, resulting from hybridkatioti of three previously 
dilicrentiated types, it is at present impossible to say, and both 
interpretadons present obvious dilhculdcs. So far, jui experi¬ 
mental work lias been undertaken on the very interesting 
problems raisccL 

Examples somewhat recalling the state of aBairs in mosquitoes 
arc provided by various insects, notably Hynienoptcra, Here we 
may find '‘races'^ difTcring slightly in visible characters, ui just 
the same way a$ do typical geographical subspecies* and showing 
no intergradarton or other sig)is of ituerbreeding, yet over Sappiiip 
geographically to a greater or less extent In the overlap area 
they may be found quite dose to each other, so that their dis¬ 
tinctness cannot be brought about by spatial separadon as occurs 
ill some eases of ccotopic divergence. 

Thus Bequaert (191H) describes “races** of tlie wasp fidmewer 
characterized solely by colour-cliaractcrs, w'liichp wliile 
possessing characteristic geographical ranges, are none of them 
mutually exclusive (see map in Rohs^^ii and Ridiards, 193d* 
p. 68), A few appear to have an ccoUigical basis, e.g. one h 
confined to deserts and sidxiescrts, another to tropical rain-foiest 
and its neighbourhood* still aiRdicr to typical savannahs. One 
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might be n^artied as a geographical race m tltat it is confiiicd 
to Madagascar; but this region is shared by another torn) which 
extends there from the African continent. Intermediates arc 
sporadic, and not confined to the zones where two ranges meet. 
An interesting feature is die iccunence of a number of the 
colour-pattcrus (some of them very strilung) in related species. 
There is a ^lOssibility that this may be due to synaposematisin 
(Mullerian niiniicry}; on the other hand, it also recalls the 
‘'homologous series” of parallel colour-variations found in varii>us 
grasshoppers (p, 516}, where genetic analysis has been possible 
and has revealed tlic existence of a selective balance as primary 
cause of the polymorphism (p. pg], Interestingly, in another 
African wasp, Syrn^rit a>mu(a, the equally striking colour varia¬ 
tions arc connected by more frequent intermediates, and several 
may occur in a single colony. 

The careful studies of Richards (1934) on anodier genus of 
wasp ( 7 >ypexy/oii} have shed new light on the subject. To take 
but one set of throe “species”, T, m//j, T. spitmum, and T. 
anaotnm: the first two arc extremely similar, and intergrading 
forms occur. Their ranges overLp in Centrd America, though 
T. salti extends much further south. The child form, armttHm, 
is more readily distinguishable, and less closely resembles nrftr, 
with whicli it overlaps, than spifwfutti, witli whidi it does not. 
As Richards says (p. 243), “the present resources of entomological 
nomenclature are insuffident to deal with a group of forms such 
as tlicse”, Solti and tpimsam intergrade, so cannot be regarded 
as full species; their ranges overlap and intermediates occur over 
a considerable part of the joint range, so dtey arc not geographical 
subspecies; nor arc they mere varieties (aberrations) or cxaiuplcs 
of simple c^iorphism, since “in a large part of their range each 
form seems to maintain a homogeneous population". 

Richards reaches the interesting conclusion that “geograpldcat 
segregation in insects is often of a difTcrent nature to die more 
famillu' process observable in birds and mammals”. He suggests 
that non-geograptiical—i.c, ecological or pJiysLoJogical—forms 
of isolation can be much more elTective in insects—a conclusion 
home out by the abundance of “biological races" ui the group, as 


332 EVOLUTION; THE MODERN SYNTHESIS 

contrasted with their total absence, in any strict sense, in bighet 
vertebrates. Experimental analysis of such cases is urgently needed. 

If this is correct, a spcdal type of ecobiodc divergence, com¬ 
bined with considerable geographical difierentiation, is frequent 
in insects. Richards dtes other examples, e.g. in hornets, which 
seem to ht in with this idea, and the case of Eutnates just cited may 
depend in part on this. He informs me that the same phenomenon, 
of "non-gcographical spcciation”, aho occurs in various beetles. 

These general conclusions seem to be borne out in other 
insects, e.g. in ants. The numerous forms (subspecies or spedes 
according to taste) of Afynnira rubra seem to conform quite 
closely to Richards' views, since they are very similar morpho¬ 
logically, have distinct ecological preferences, and do not normally 
cross in spite of extensive spatial overlap. 

Particularly interesting is Divers summary (1940, p. 317) of 
our knowledge concerning two forms of Losiiu niger, L. n. ttiger 
and L. tt. alienus (cousidcred by a minority of authois as good 
spcacs). Morphological distinctions between the two are very 
slight, being confined to the presence or absence of a few sm all 
hairs on antennae and dbiac, Difictenccs in behaviour, however, 
are mete definite, and usually permit idendficadon in the field. 
The geographical range of alienus appeals to be wholly confined 
within that of ntj^er. Ecolc^ically, the two forms show disdnedve 
preferences. Niger has much the greater range of tolerance, from 
sand-dunes to wet sphagnum bog, from grass to dead trees, 
while aitertus is (in the Dorset area investigated by Diver) almost 
confined to dty heath, with some overflow onto moist heath 
and turf. Even within the single type of habitat represented by 
dry heath there arc differences, aliemis pcefeiring blown sand. 
Sometimes the two species nest only a few fixt apart. In regard 
to swarming dates there is an extensive overlap, providing 
opportunities foe crossing, though niger tends to be slightly later. 
Very occasionally forms are found which arc ineermediaee 
between the two types, not only morphologically but in behaviour 
and ecological preferences. These, in the absence of evidence to 
the contrary. must be assumed to be produced by intercrossing, 
which must accordingly be rare. 
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Wc seem ttere to be dealing with fine ecotopic divergence 
which has just reached the stage of spedatioii; but it is extremely 
difficult to envisage by what mc^ the distinctness of the two 
types was first brought about. 

Diver gives other puastlkig examples—c.g, three apparently 
distinct species of hoverfly (Syrphus) wiA extremely small 
morphological dificrcnces, widi the geographical distribudons 
of one spcdcs including that of the other two, and of the second 
including that of the third, with general similarity in ccolopcal 
preferences, and extensive overlap in the periods m which adults 
are on the wing. Diver suggests that the two species widi more 
restricted distributions have arisen by the segregation of small 
discotitinuoiis groups, followed by accidental divergence and 
later expansion of range* but thU is quite speculanvc. 

Wc must also remember the remarkable case of the two 
* races" of Dt4>i0phild psefidoohs^uni (p. 365). These differ in 
various physiological characters such as temperature-resistance, 
arc intcrsterile, and arc futther characterized by sectional chromo- 
some-rearrangenietits which could only have originated in 
isolation. They have difTetent geographical distribution, but 
overlap considerably. It seems clear that the divergence leading 
to intersicrility first occurred in an isolated local group, which 
later was able to invade the othcr^s range. Within each race* 
**strong" and “"weak" forms arc found which differ in their 
sex-determining mechanism like those of Lynuintria^ and also 
resemble those of Lymmiria in showing some gradation in chdr 
distribution (see p. 359^ Dobzhansky, 1937, p. 2S4). 

In any case, the taxonomic diiSercntiation of invertebrates 
clearly provides a vast and almost virgin field for cxpcrimctital 
analysis. A number of general principles have emerged as a 
result of intensive work on various or^nisms, plant and animal, 
vertebrate and invertebrate; but their relative share in causing 
differenriation may differ markedly from group to group. 

7. DIVERGENCE WITH LOW COMPETITION; OCEANIC FAUNAS 
Decreased selection-pressure permits increased variation. This is 
true not only for species or subspecies hut for entire groups. In 
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tHc former case die result is higher varkbillty^ in d^e tarter more 
octensive evolutioiury divergence and radiatioii^ An excellent 
example comes from the CiiikUd il$h fauna of the African lakes 
(Worthington* 1937^ 19+0; summary in Huxley 1941^). In some 
of the laJces^ dirir chief predators (die large fish L&tcs and //ydFfU- 
fyen) are wholly absent. Where this is so, the Cichlid radiatian, 
as oitcasured by die number of endemic spodesp and as shown by 
the greater variety of ecological niches ocaipied, is far greater^ 
Thus of the lakes isoLted during the second pluvial or latcA 
Victoria-Kioga and Edward-George are without large predators* 
and cotitam 58 and iS endemic sp^cs nspccrivcly* while Albert 
and Rudolf* where the predators are present, contaiii but 4 and 3; 
die larger number of endemics in Victoria^Kioga is due to greater 
cnvironmciiral divetrity. Nyasa and Tanganyika were isolated 
during the early Ccno^oic: die former lacks predators and eon- 
tatm T71 endemic species, while the latter, where predators arc 
present, contains only about 90 endemics in spite ofics greater 
cnvitonmental diversity. 

The prindple can be gcneraliTied in relation to competitor- 
pressure as well as to predator-pressure. This ia well shown by 
the AmtraJian marsupials. These also illustrate the fact diai the 
total radiation of the fauna is normally not increased: among 
them some of the chief placental types arc missing, and various 
adaptive characters^ notably intelligence^ are bdow placental 
suuidard. However* the best cxantplcs are found on oc^nic 
islands. Here, the number of types which have established them¬ 
selves is mudi restricted, and under these conditions of biological 
low pressure^ the few favoured groups may difTerentiate into a 
surprising variety of forms. 

Perhaps the most remarkable example of cxeanic radiation 
is afiforded by the sicklcbills {Drep^fttiJidae) of the Hawaii archi¬ 
pelago. General accounts arc given by Gulick (1932) and Mord- 
vilko {1937)* Tlie DrepmUidm are passerine birds, according to 
Gulick derived from a tropical American honey-creeper, accord¬ 
ing to Mordvilko from a ftnch rekted to the goldfuicbes (Cur- 
ffue/ti). In any case* they are now restricted to Hawaii and to 
Laysan bland* Boo milw further west, and have produced a 
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quite astoiiisliing variety of typ«^ mcHting division into no 
less dwt i 3 genera. There are small msect-eatens and fmchlike 
seed-eacerSp some with small and some with heavy bills; a very 
large^billcd nut-eater; a peculiar wcwodpedber type (HfjserD- 
rhynihus] with long upper mandible for prying away barlc^ and 
short lower mandible for probing out wo^-boring grubs; 
nectar-suckers (with special tongues); fomis which combine 
nectar-eating with searching for insects in flowers; and others. 
No other bird family shows, such adaptive divcisiiicadon; at 
first sight one would say that half a dozen distinct familks were 
represented. 

A characteristic of many genera is the curvature of the beak* 
from which the family name of siddebill is taken. In cotmcc-^ 
don with thisp the hird-poUinated plants of Hawaii have 
curved corolla tubes* while those of their nxainland rdarives are 
straight. 

Mordvilko stress^ the analogy of the evolution of a group 
like the sicklebills with the excessive radiadion of domesticated 
animals. GuHck points out that the bill and habits of a form 
hke Hrtercirliyurfcur are true evoludonary novcldes, which have 
not been evolved elsewhere. A simihn: example is aflbrded 
by the freshwater gobies of the same atea» whidi have evolved 
unique suckcr-lihc fins for dinging to the rocks in rushing 
torrents. 

The ancestral siddebill must have been the first bird immigtant 
to the archip:lago- The remaining passerine fauna belongs to 
four families only—crows, thrushes, flycatchers, and honeyeaters. 
Dificrentiadon here is not nearly so marked, though endemic 
genera have in some cases been evolved: pr^umably these were 
all later arrivals. 

A very similar case is chat of the groundfinches (Geospizidae) 
of the Galapagos. Here, again, we have a family confined to an 
oceanic archipelago and an outlying island (one monotypic 
genus, on Cocos Island). This family is highly differentiated 
(five well-marked genera on die Galapagos); the remaining 
passerine birds are much less distinctive, rhough endemic genera 
have been produced, and must have arrived later than the ancestral 
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gcospidd, when there was not only less time avdUble, but many 
niches bad been ilUcd, In most archipclagocSi however^ many 
cndcnuc forms are difieientiatcd, they do not usually overlap 
geographically. Howevctp in the Geosphfidac (like the skkbbills) 
several distinct spedes (up to lo in the groundfinebes) may coexist 
on one island. 

The Gcoipizidae have been subjected to an exhaustive taxo¬ 
nomic analysis by Swarth (1934), while Lack (1940a) has been 
able to draw important general condusions from liis study of 
the group in the held. Most CfaspUaa species are largc-biUed 
and cat secds» some having the most powerful bills of any 
passerine birds.* Platyspiza is mainly a leaf-eater, Caiwdffcjflif/jifj 
mainly insectivorous, while Cit£iotpi2d has evolved &om 
rhytukus in the direction of a w<xid pecker i it also h^5 die unique 
habit of using a twig as a tool to pry out insects, thus making 
up for the incomplete spedalization of its beak. RiiaUy Certhidea 
resembies a warbler both in beak and habits. 

In addidon to this "minor adaptive radiation", as Lack calls 
it^ numerous non^adapdve specific differenocs exist, presiunably 
due to the Scwall Wright cficct (p. 58). In addition, some of 
the beik dificieiiccs aie concerned not with adaptation to mode 
of life, but with specific recognition for mating purposes. Lack 
concludes that the virtual absence both of coiiipcdtors and of 
predators has permitted this remarkable radiation. Elsewhere an 
island has been colonized by two closely-related species which 
will not interbn^ (p. Z5 5}. Apparently tlic rapid differentiation 
of the Geospizids in pecuhar conditions has permitted this 
phenomenon to be intensified. Large-scale hybridization docs not 
seem to have contributed (see p. 3 jfi). 

He also draws attention to the partial or total loss by many 
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of the spcdc$ of the typical male plumage, the juvenile plumage 
type being prolonged into the adult phase. This is a common 
tendency in land birds of oceanic islands. As another example 
we may cite the hen-feathered subspecies of bullfinch (Pyrr/rKltf 

miiTma) found on the Azores (Murphy and Chapin, 1929)^ 
This Lack suggests to he due to the absence of related forms 
with which a female might hybridize: the need for specific 
discincdveness^ w^hich is such a feature of secondary sexual char¬ 
acters, Ehen disappears. In the Gcospizidae, as differentiation has 
proceeded* disdnedveness has been reacquired in respect of the 
non-sexual beak characters. The converse of this process, as 
D. Lack suggests, in an unpublished paper which he kindly 
allows me to cite, may be seen in such forms as the ducks and 
some pheasants, in which, owing to the looseness of the bond 
between the mated pair, there is an unusual tendency to natural 
hybridizadon. Here, the females of related species ate often very 
similar, demonstrating close relationship, but the males show 
strikingly distinedve dbracters. 

Other groups* too, show increased radiation on oceanic islands^ 
As BtDCton (1935) says, ''one chatacterisric of the [insect] fauna 
of such an archipelago as Hawaii is the development of complex 
groups, many of them containing a very large number of 
cicely related species”. Other areas with a less lengthy history^ 
such as Samoa^ show the same phenomenon, but to a lesser 
degree. 

As GuUck points out, the difficulties of immigratioa make the 
land faunas of oceanic islands “disharmonic^", in the sense that 
they lack the normal balanced ecological diversification of types, 
being restricted to types pre-adapted to long-range dispersal 
across salt water, and to a chance assortment of ihese. But the 
longer the fauna persists, the greater will be the tendency for it 
to become secondarily harmonic* through adaptive radiation of 
the earlier immigrant stock$. Thus oceanic faunas represent very 
peculiar special cases, hui at the same time they conform to the 
general rules of cvolucionary divergence. 

As we should expect, precisely similar pht:noiiicna may occur 
in lakes which have been long isolated. The most striking example 
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is Baikal, the zoogeography of whidi is chsctissed by Berg (19J5). 
Here the Gaininarids show excessive radliidon; e.g, the one 
genus JSffcrrtoganwTdnu is represented by some 40 species, and the 
three spcdcs found chewhw are probably examples of conver¬ 
gence and should not be placed in this gicnus, which then would 
be endemic to the late. In the ftesh-wacer oUgochactc genus 
Lantprodilus, iz of the 16 spedes are found only in Baikal. 


8. OENETIC DIVERCENCE 

Next we come to a group of several methods of species-fonmtion 
which have this in common, that the primary separation of the 
new type is not spadal but genetic. A lurther common feature 
is that our knowledge of all of them is quite recent. 

First we may take genic separation. In maize, two strains 
have been found, dif&ring only in 1 single gene-pair, which 
will not cross. This shows that a single mutation may effect the 
separation of one mterfertite group into two. Such occumnees 
appear to be very uncommon; and for the moment the evolu¬ 
tionary bearings of this fact are not clear, can only say that 
dngle genc^mutations, if they aJfecied either tnating-rcactions 
or the delicate machuiery of meiosis, might be of importance 
in breaking up animal specks also, I!)obzhansky (1937, p, 263) 
has a discussion of genic effects on reproduction | see also Stern 
(^93d). 

Wc mention elsewhere how the randotuuess of mutatiori 
will lead to iiiietstcrility in isolated groups (pp. j86, jtJo): but here 
the genetic differentiation is secondary. A similar example is given 
by Wolf (1909; and see discussion in Jennings, 1930) for Myxo- 
bacteria, where non^exual fusion of colonies from a single strain 
occuis. But after prolonged culture, substrains incapable of 
colonial fusion may be produced. 

Most genetic separations, litmevec, may be called chromo¬ 
somal, as they are concerned with alterations not in genes, but 
ill their chromosomal vehicles {see Darlington, 1931,1940).* 

and Upeutt (tpsii) fc? 4 ducuisioD of vinttion in types 
m uid reunian of chnuncHomci to be found tn difTcfeiit fbrtns. 
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First come those cases in which the baxiicr to crossing, whcchcf 
more or less complete, does not produce any visible differentia¬ 
tion^ so that any taxonomic divergence follows bcer^ as with 
geographical isoladou. 

Wc may begin with segmental interchange (reciprocal trans^ 
location) between different chromosomes, as described on p. 90- 
Hcre the same gcnc-complcx is merely rearrangei The variom 
"prime types” thus produced can cross with each ocher, but 
owing to pecnlkriries of the chrontosoiml mechanism tend to 
malntam themselves; for the heterozygotes axe less &rdlc than 
the homozygous types* and further, crossing-over between 
chromosomes which have mterchanged segments is restricted so 
that recombination is almost abolished. Further differentiation and 
separadoji of the prime types into subspecies or species could 
then occur by the accumukdon of different mutarions in different 
types, and by the development of other barriers to crossing, 
which would be advantageous (as preventing waste) if two or 
more types occurred together. 

In Dortirtf, only the first stage has been reached; different prime 
types occur in different regions, but are not visibly distinct. 
This, it is probable, is due to D. stramimiMni having in recent 
dmes spread rapidly as a weed of dvilizadon, so that insuffident 
dme has ebpsed for differendadon. 

A quite different development, however, may occur if re¬ 
cessive lethal mutations occur in both interchange chromosome^ 
groups. In that case, the homozygotes will be inviabic and only 
the hybrid will survive. This is Ac condidon of balked letliah. 
Since lethal mutadons arc common, and since the heterozygotc 
will enjoy increased advantage in various ways as soon as one 
homozygote has become inviable, wc may expect this condidon 
to develop out of segmental interchange at least as readily as 
that of differendated prime types. 

The classical case is that of the evening primroses 
Here abundant generic and cytological evidence converge to 
show that almost all the species are balanoed-lcAa] heierozygotes, 
the original pure types having disappeared. fiJaboratc subsidiary 
mechanisms ensure Ac producrion of Ae heterozygotes wiA Ac 

L* 
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iiuniniam of wastage. This type of spedation has probably 
occurred in other pl^ts, c,g. Hypericum and Rhoe& (see Darling- 
lou. 1917)- Sokolov and Dubuun (1941) have discovered a wild 
DfQiopkila species with baknccd-lcdial heterozygosity based on 
inversions. 

Although probably not widespread or of great evolutionary 
importancCi the balanced-lethal heterozygote type of spccics- 
formadon has great historical interest^ sinoe it was dc Vrics^ 
investigadons on that led him to propound fus muUtiun 

theory of evolution. We now know chat most of the '*niuta- 
dons which he described were not mutadons at alh in the 
strict sense of substandve cjungts in the germ-plasm p bur merely 
recombinations of a peculiar sort, to be expected only in 
balanced-lethal heterozygotes^ and due to occasional crossing- 
over. Gene-mutadons of thi order of magnitude do not seem 
to occur* 

Blakcslct and his school have been able to produce various 
interchange types aidficully by X-rays, and theti^ in certain 
eases, by means of crossing to synthesize quite nc%v strains which 
possess certain sections of the gcuc-compIcK in duplicate as 
compared with the nonnal. These show numerous cliaractcr- 
differences from the type, and can be regarded as artificLal 
indpkne spe^ (Blakesice, Bergner, and Avery, 1936). 

TranslocadonSj hodi reciprocal and non-rcciprocak also occur 
quite frequeiidy in Drosophitut and will normally produce some 
reduction of feitiiity in the Fi hybrid (see Sicjn, 1936, for a 
discussion of the different possible types of translocation). This 
may be the first step towards speciadoii^ chough it is appaieiidy 
much less important than inversion in this respect (Dobzhansky 
and Tan, 1936)* 

The next method of diromosomal separadon is inversion 
Cp. 91}* Here, too, a mere rcarran^iiH^it of parts of the chromo- 
sonie outfit has occuried, but in this ease by a reversal of a pordon 
■of one chromosome, so dial the order of tiir genes is here inverted. 
Aflairs arc here slightly complicated by the fact that such inver¬ 
sions often produce a visible '^position-effect*' {p, ^5). Tliis is 
presumably due to genes exerting some of their effects in virtue 
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of a special type of interaction with their imnialjatc neighbours: 
the genes at either end of an itivcrred section will of course be 
interacting with new neighbours. 

Inversions were first inferred from genetic analysis. Later they 
were detected cytologkally at the prophasc of meiosis in maize. 
To-day, thanks to the discovery of the giant chromosomes in 
the salivary glands of Drosophila, they need not wait to be detected 
by their abnormal behaviour at crossing-over and its results, 
but can be dircedy observed; for chromosome-segments can be 
seen in which the normal band and line pattern is reversed, 
and these are then found to cause abnormalities of pairing 
and crossing-Hover at mdosis when oppc^ltc a non-inverted 
segment. 

Among the properties of inversions is that they interiere (of 
course in the heterozygous condition only) with chromosome- 
pairing and crtHsing-over, and it is in virtue of this fact that 
they exert their effect on breaking up species. But this effect will 
be quite diffirrent according to the magnitude of the inverted 
segment. When it is very small, the disturbanoe will be small; 
and crossing-over between genes one or two units apart is in any 
case of very rare occurrence. Thus the main effect of very smalt 
inversions will be via their visible posidon-cffects, which. will 
be simi la r in imgnieude and nature to the effects of small true 
gese-mutadons. Small invecsions will thus merely add to the 
internal variability of a species, and will not tend to break it up 
into separate groups. 

Large inversious, on the other hand, will have two important 
effects. They will reduce the ferdlicy of beterozygotes, so that 
the pure types—that with two normal chromosomes, and that 
wdih two diroinosomes both with an invetted secdon—will be 
at an advantage : and the impossibility of crossing-over between 
an inverted and a non-inverted seedtm will c&cdvely isolate 
these two regions of the gene-complex from each other. Recom¬ 
bination can no longer take place between them, so that any 
mutation caking plate in an inverted sccdon cannot be trans- 
ferted to its noti-invertcd homologue, or vie* versa. Darlington 
(1917) was the first to gtasp the full implicadons of this 
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fact, and to point out that sudi “chroiuosomal isotation*' 
was of «}iial importincr: with other nvon; obvious kinds of 
isoladtm, such as that due to geographical separadon (u. injra', 
and p. 3&). 

Single inversions may thus cause a certain reduction of hybrid 
fjrtiUty between types, fertility would be sdlt further reduced 
by fur^r inversions in other Jdnds of chronioK^mcs, while two 
or more inversions in each of two or more cliromt^isomca would 
produce very considerable sterility (Stem, 193A). 

A large invetston may thus pave the way for'die separadon 
of a species into two nonoiiitcrbrcediug groups. For one thing 
its isolating effect may be accentuated by further inversions; 
and in addidon, once any degree of hybrid sterility has occurred, 
natural selection will operate to produce other stcrihty barriers, 
in the shape of dJlfetcnt mating rcacdons, so as to prevenc the 
waste caused by entssing, with its privluedon of relatively infertile 
individuals. Sdll further genede steriliry'bartiers arc also likely 
to arise by genc-tnutadon of various kinds. Inversions may also 
lead to the production of visible diversity by the accumulation 
of different mutadons in homologous inverted and non-in verted 
sections. 

If several favourable mutadons ocepr in an inverted sccnon, 
and are therefore prevented from crossing-over and rccombina- 
rion with the homologous non-inverted section, the spread of 
chromosomes with the inverted sccdon will be favoured by 
selection. The two homologous sections, invcrii'd and non- 
invetted, will in fact each become an isolated partial genetic 
system; within this there will operate the same phenomenon of 
muciial genic adjustment discussed for total genetic systems in 
Cliap. 3 (see also Malinovsky, 19+tJ. These segmental liarmoni- 
ously^bilircd geuc-complcxics will continue to evolve widiin 
the less thoroughly stabilized total gcno-complex. Something of 
this son has undouhredly occurred in the divergence of Avena 
stitive from A. fatuaixid Tfiliaim vulgarf from T. speltai in dtlier 
case the two members of the pair differ essentially in a group 
of characters all located in a region of one chrornosome, whidi 
in one spoeics has sudered inversion (Huskins, ipzy, ipaS). 
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bi genera], it appears that sectional rearrangements are rarely 
if ever the sole cause of evolutionary divergence {t£ MuUec, 
1940}. For one thing they have a negligible prospect of hecotning 
established, except fay chance in a small and relatively well- 
isolated group. And in the second place their presence in non- 
intcrbreediug groups is normally accompanied fay numerous 
suigle-gene di&rences, which ate often responsible for much 
of the group-incompatifaility. They can therefore only be regarded 
as secondary agents m bringmg out spedadon, though th^ role 
may be quite important in species which ate normally broken 
up into small isolated populadon-units, and sdll moic in those 
(among which various spedes o( Drosophiia are to be included) 
which are subject to viokne fluctuations in numbers with small, 
isolated groups at the low point of the cycle. 

It is, for instance, probable that inveisioa has had a good 
deal to say in the separation of Drosophila 
and D. sitmilatts, though the single-gene effixts must have 
played the major tok, since important c6kas on the sterility 
of the hybrids are determined by them (Stem, 193(1; 
p. 359). 

Whenever inversion has played an important part in spedes- 
fortnadon, the two spedes may be expected to remain very 
similar in appearance, since they will overlap in their ranges, 
and will both possess almost the same genetic constitution, well- 
adapted to a common environment. A gradual ecological diver¬ 
gence may occur later. The same will apply to cases of divergence 
initiated by translocation. Thus the two “races” (indpient spedes) 
of Drosophila pseadoohscura can only be disdngui^d by statistical 
analysis, whi^ brings out, in males only, certain diflerences in 
wing and leg measurements, and in the numbers of the teeth on 
the sex-combs (Mather and Dobrhansky, 1939), 

Such species will only be detected by re^ed and detailed 
systematic methods, and will often not be recognized by sys> 
tematiscs who are not alive to the implications of genetics. It 
will be of great interest to discover whether spedcs-pain of 
this type occur In higher vertebrates, 

A peculiar method of forming new types is tha t of asexual 
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a-grcgarion in certain panJicnogcncdc plant species of hybrid 
origin. Partliicnogcncsis in such cases is due to a suppression of 
the reduction of the chromosomes. But even in the absence of 
reduction f any corresponding chromosomes from the two 
original parents which arc able to pair will be subject to crossing- 
over* since we now know that crossilig-over takes place by two 
stages, and nor only a$ aji accompaniment to reduction. And 
such crossing-over will prod-ucc new types, which will maintain 
themselves, subject to selection, save for further croswavers (see 
also pp. 3ja-3). 

Such a process should lead to die fomtatioti of numerous 
dosely-relatcd true-breeding types. Some of these will doubtless 
be at a disadvantage and v/ill disappear, while others will main¬ 
tain themselves. Further divergence between the types may occur, 
though slowly, by gene-mutation. It is probable that some of 
the numerous species of hawkweed (HjerotiHinJ and blackberry 
owe their origin to such asexual segregadon. Apparent 
mutations due to this process have been detect^ In both forms 
(Darlington, 1937, pp. 296, 473, for Hicracium; Crane and 
Thomas, 1939, for and p. 332 of this volume). 

Next we have the variaiis phenomena of polyploidy In which 
a multiplication of whole chromosoiuc-scts occurs (see p. 143). 
As already mentioned, polyploidy is of two fundamentaUy dis¬ 
tinct types: autopolyploidy in which the chromosome sets are 
all of the Same kind, derived from the same species, and initial 
allopolyploidy, in which they are of difterent kind, derived from 
two distinct spedes. The actual doubling is in both eases due to 
the suppression of division of a cell after division of the chromo' 
somes has taken place, hut whereas this is the primary event in 
autopolyploidy, in allopolyploidy it is subsequent to hybridization. 

As previously mentioned, polyploidy is widespre^ in plants, 
but very rare in animals (pp. 140 seq.). We there pointed out the 
a priori rcasop for its non-existence in bisexual forms, M. J. D. 
Wliite (i 94 t>) faints out that this might be expected not to apply 
in hermaphrodite animal groups. However, his investigations of 
chiomosome>-numbcr show that in one such group (pulmonate 
molluscs) it appears not to occur at all, in another (Rhabdocoela) 
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it occurs to A moderate excctiT, and in two others (Hirudinca and 
Oligochacta) the meagre data suggest m possibility as a rare 
phenomenon- His conclusion is that polyploidy has not occurred 
in the hermaphrodite groups of animals to anythbg like the same 
extent as in higher phnts. Tliis may be due to the rarity of self- 
fcrrilmtion m herm aphrodite animals^ or to some as yet unknown 
cause. Polyploidy may possibly cKcur in Hemiprera (p^ jyoJ, 

In this seciion,^ only autopolyploidy concerns us^ as allopoly¬ 
ploidy coiinota convergence, not divergence. Chromosome- 
doubling will usually occur through failure of ccM-division but 
not of chromosome division^ If the tedaploid cell forms all or 
part of a growing point, a totally or partially cctraploid shoot 
will result. Such a sitoot will not be fully feitileH since at meiosisi 
there will be four of cad:^ kind of chromosome instead of two^ 
so that in addition to pairs^ groups of three and four chromosomes 
will be formed. Many gametes will, therefore^ not possess two 
cnriic genomes, but will be unbalanced, with some chromo¬ 
somes represented in triplicate or only in single dose; and such 
gametes will often be inviable. 

The confttuiancc of the species can be ensured either by con¬ 
centrating on asexual reproduction» or, if fertility is not much 
reduced, by means of a difl^eienaation of the chromosomes, 
presumably through mutation^ so that instead of four dmiiar 
members of each kinef two slightly dissimilar pairs ate founds 
Instead of AAAA,BBBB* ctc.^ we would have ATAr|A2Aa, 
BiBi, BaBz, etc. So long as the dissimilarity is sufficient to 
prevent pairing between members of different pairs {e*g* Ai 
and Azj or Br and Bi) complete fertility will be restored. In 
this case the initial autopolyploidy will have been converted 
into a secondary functional allopolyploidy (p- 143; Darlington. 
1957, his pp- iSj, 2.16}. 

Doubling can of course be repeated, leading from tctraploid 
to octoploid and higher forms. Hiis is likely to occur especially 
in types which have spedalired in parthenogeneric reproduction, 
leading to the establishment of series with zn, 4n, 8n, i6n chromo¬ 
somes. 

Autotriploid {311) forms may arise from diplgids by ^rdliza* 
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tion between a diploid (unreduced) and a haploid (normal 
reduced) gamete. Triploidj are sexually sterile and can only 
reproduce by non-sexual methods. Hexaploids (tSn) may arise 
in simiUr fashion from 411 plants. They may also originate by 
doubling in a triploid fotm^ and then of course reac(]iiire sexual 
fertility. An interesting case of this sort is given by Pcrlova 
{>^93 9)* The wild triploid and sterile potato species Solmum 
vallts^^itexki was grown at high altitudes, and there, presumably 
as a result of the low temperatute, produced a fertile hexaploid 
form. As this specks b more tesbtant to frost and drought and 
certain diseases than other potato species, this result should be 
of tsonsiderablc importance. 

Darlijigton (193 7> p* gives a table of autopolyploid species 
and mutants. Various wild triploid species arc known, all rcpro- 
ducing vegetatively, t.g. in tulips and naidisL Extremely few 
cases are blown in animals^ e.g, the land crustacean TricAmiscMi: 
here reproduction is parthcnogcnctic (p. 314; Vaiidel, 1937). 

Other triploid types have been experimentally produced by 
crossing 2n and 4n forms. Of great mtcicsr is the fact that auto¬ 
polyploidy may give rise to forms which are not associated with 
any systematic visible difkrences. For instance, Anemone ttiontana 
occurs ill diploid fan), tctraploid (4n). and hexaploid (6n) forms, 
5 i 7 cwe dliata in 211, 4n, and lOn forms, all similar * 

In other cases, the polyploid forms diJfcr slightly in vbible 
characters, but arc still classified within the limits of a single 
species. There are, for instance, five such forms of Viola kitaiifeliaia 
(ramc of them aneuploid) and of Ptumts $pirtosa, and three of 
Bnphila (D«/w) vema. Such forms were at one time included 
under die icmi *'elementary spedcs”. 

The most interesting cvolurionaTy fact concerning autopoly- 
plolds, however, is that dififcient members of a series may and 
often do luve different gct^taphkal distributions. In general, 
tctraploid forms seem better adapted to difficult environmental 
conditions. Many are more cold-resistant than their diploid 

* On tJw oihrf hmd. Muumng {1936), who nudird autopolyploidv 
cxlemiyely. hji taird ilut mcmbefi of j [H.lyp|tiid slX aJwayi 
vuihk dHdngLuhing diinneu. thoiiKh thcK injy admittedly he 
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tcbdvcs. Accordingly wc find many cc^aploid forms in the far 
tiorth and in mountain regions. Almost all the in Spits¬ 

bergen arc polyploids (sec Haldane^ ^93 S). The sharper climatic 
zoning produced by the glidal period, mmt have encouraged 
the survival of tetraploids and promoted the formation of tetra- 
ploid subspecies. Others are adapted to the extreme Temperatures 
and great aridity of deserts—c.g. various forms of in 

the Sahara (Hagerup^ Tetrapioid forms are also in many 

cases more generally vigorous, a fact reflected in theii distri- 
burion^ which is frcqumcly wider (often considerably so) than 
that of the diploid variety. Many widespread weeds of culciva- 
rion and waste land arc also tetrapioid forms* the diploid types 
having quite restricted distribution^ (For general discussion see 
Mtintzing^ t9j6, Tischler, 1941.) 

In experimental tetraploids in tomatoes* Pabergj (1936) ftnds 
that the tetrapioid is less variable phenotypkally than the diploid. 
This cannot be due to diminished ^gregation of recessives ; 
Fabergd suggests that it is due to the greater effectiveaess, in 
certain cases, of four as against two homologous genes, resulting 
in greater stability of early devdopmcuEal processes. In colchicine- 
induced cetraploidy* Badenhuizen (i94r) finds that long diromo^ 
somes ditmnish ferdlity and viability^ It is also mote likely to be 
of economic value for quantitative than subtle qualitative 
characters. 

A few examples will serve to illustrate these general points. 
In the diffi nilt genus tinmerous "species'* are apomictic. 

Some of these are allopolyploid (sec below), others autopolyploid 
(Miintzmg^ 1931)^ Fot instance^ P* ofgentm (n = 7) exists in 2n* 
dn, and 8n forms. Doubtless 411 types will also be discovered. 
In general the high polyploids were more vigorous. One diploid 
type was very small and prostrate, while one hexaploid, growing 
only a dozen tniks away, was tall and erect. 

In the Central European crucifer BisaUelU latvi^aid (Manton, 
1934), the distribution of the diploid forms is restricted and 
discontinuous, of the tetraploids continuous and much more 
extensive. The diploids seem to be relict forms, confined to areas 
which were not covered by the ice during the gladal period. 
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On the other handp most of the area now inhabited by the 411 
types was under ioe during the periods of maadmum glaciation. 
Thus we can safely conclude that the tetraploid races were 
evolved in response to the omet of colder condihons, and have 
been, in virtue of their greater vigour and cold-resistance, able 
to coloniaie Urge areas either unavailable /ot se to the diploids^ 
or where the diploids cannot compete successfully with the 
tctxaploids to which they have given rise. An almost precisely 
similar state of affairs Is found in the North American g^us 
TraJescdrUiaf but here ki several spedes (Andersotti 1937; and 
sec Dobadiansky^ T 937 i ^ 9 ^)- hn imny cases, it seems clear 

that the advantages enjoyed by autopolyploids have enabled 
them to supplant the^r diploid progenitors entirelyp 

Thus autopolyploidy, regarded from the evolutionary stand¬ 
point^ in general seems to provide a method by which a type 
may become adapted to new and especially to less favourable 
conditions. Once the polyploid forms have become established 
and have undergone che necessary bitetnal genede adaptation 
(p' 145) ^ well as further external adaptation, they will often 
extend their range far beyond the origina! diploid distribution, 
and may frequently restrict the ningc of their diploid ancestors 
through competition. In other cases the formation of an extended 
autopolyploid scries may enable a type to occupy a greater 
variety of ecological niches^ Crossing sometimes takes place 
between members of a series, producing new polyploid types, 
which then may be preadapted to sdll other conditions. Long¬ 
term plasticity, however* is reduced by polyploidy (pp. 143, 

374J* 

In one sense,, the difreient members of close autopolyploid 
series should be regarded as species, since they are kept quite 
distinct by generic barriers* The morphological differences between 
them, however, are usually very slight, so that for taxonomic 
purposes it is undesirable to give them separate specific nams. 
and the totahty of the forms may be named as one ^^polyploid 
species . From what has been said above^ it is probable that the 
majority of 4n and higher autopolypbid forms of such polyploid 
species are of gcologicaily very recent origin. With iIk passage 
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of 6 mc, wc may prophesy that the morphological diftrences 
between them and their 211 ancestors will become more marked, 
unti] they merit specific naming. It is prestimably by such means 
that some of the polyploid series of obviously good species in 
various plant genera have been evolved* {Sec also pp. 347-^). 

In general wc may say that divergence based primarily on 
gtnedc isolation has been of less evolutionary importance than 
other types of diverg^cc^ its only major achievement being the 
autopolyploid series of various plant groups* It has often been 
of die greatest secondary importance* however. Once geo¬ 
graphical or ecological isolation has separated groups, it is largely 
the aeddent of genetic divergence, genic or chromosomal which 
eventually render the two typra intmterile.* 

9 , CONVmiGENT SPEOES-FORMATtON 

The most important type of diversification produced primarily 
by genetic isoktion Is the origin of new true-breeding forms, 

* A pcculiir mikiitioa hii nmmly bm dcsoibcd ui the wild miller 
pirpiir^o-jmawn (Jamki-Aiimial, ISMO). Thii 11 a diplDid [an = ic), buc 
^ per cem of WiW plaii& bav? bvin l to 6 [moitly a or i) oom. jo-calkd 
^'B-mromoioDues’'^ La their floni pam; them itc, however, abiem Etorti the 
roots, 

Tbc B-dizoiiuuam« do oot pair ai mdoiij, and bavr a marked e^cEn 'm 
ticducing poUcQ-fritilLty. To olto this reproductive diadvaniag^ there niun 
clearly be some corcddmblc samittc advaota^r accruing Irorn llvir pn^^cc 'm 
die floju] tissues. But bovr it operates, why they xrt abKot in the rooti, ajid 
wbat the ndgin of candinon may have bcco^-UiBC poiou ah remain 
olueurc. 

DaTlmgCQD and Upoon (1941 d}, investigating a lomcwbat imukr state of 
in nuiie* have come to some more generaJ eondudom as to the funciieia 
of these sonollcd men or B-diroinDsomcs. These, though variabDe £n number, 
exist with a deEniie mean me and hvqueticy in varioOi strains. Since various 
agencjainvolvcd in the medunks of mitods and mdodi are oomtaufly opcfatiiig 
t)0 reduce both iheLr me and rbe munben pceseru, some oounter-sdecdoo must 
operate in the oppontc direction, Darlington and Upcott mitdude thui this 
cpuntetvselection is cootetned with [heir spedij activibcs in nucleic add meta- 
holilm^ 

hi the dotitesticadon of inaixe, the fi^-duromosdmei appear to have taken 
over and enlarged the metabolic ^ctioa originally carried on by the hetero- 
chiomatic knobs which form part of tome of the normal ebromosomea. They 
appear to provide a more elastic means of adjutiog the plant's nucldc acid 
metabolism to tlic incmased demands made on it by agricoJtuTUts in selecting 
for higher yield. 

Sittular arguihcnts seem to apply in other olscs, both in plants (e.g. FfUiltano^ 
Rmutviiiui, and Sem£r) atid in animals (vaxioits Hcteropteia). 
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suffiacTitly ciisdnct bodi morphologicaQy as well as reproduce 
dvdy to be stykd good species, by hybridkadon between two 
pre-Htxistmg species. 

When polyploid forms arise after hybridiaation, they will 
be allopolyploid from the start, so that we here speak of midaJ 
as against secondary allopolyploidy. In addition, new forms are 
here produced by convergence, not by divergmec. Summaries 
of the evolutionary effects of polyploidy are given by Darlington 
(igi?) and Tischler (1941). 

The classical case of spedesr-fonnation by allopolyploidy is 
that of iVimuftf k^wensis. This arose from a spontaneous cross at 
Kew between two well-known spedes. P. jwliditoii and P. 

both with an = chromosomes. The hybrid was 
originally entirely sterile^ The chromosorties of the two parental 
spedes were able to pair and segregate in spite of their dis- 
simiianty^ bur the resulting combinations of genes were so 
abnormal that all the offipring were inviable * 

The hybrid was cultivated vegetativcly for some years, until 
a shoot appeared which was fertile. On cycological examination 
this was shown to possess thirty-six chromosomes. The sterile 
hybrid possessed one set front each parent—A^ . 

R^ Rf The fertile shoot possessed two sets: A^A'". A^A^, * * * 
Pairing could now occur between identical chromo¬ 
somes. Every gamete thus possessed a complete set of chromo¬ 
somes from both original parents, and viable o£pring were 
accordingly formed. Reproductioa is pot entirely normah since 
somerimes groups of four chromosomes instep of pairs arc 
formed at meiosisi leading to reduced fertility. In chc course 
of dmc wc may expect selection to operate to rtducc such super¬ 
numerary associanonp and so to increase fertility* In any case, 
however, the tctraploid is not only capable of maintaimng itseift 
but is sterile when crossed with either {went spedes, so that it 
muse be regarded as a new species. Spcdes-formation is here 
abrupt, and is also convergent 

* In ocher cai« che ifbrQiiioumes of the rwo fomu iie » that 

me™ umlerib^ vrith. Wkt dttOJWMMofiieiiaty due logoK-inte^ 

rau™ ahnoniultty of icproducnvc prwewi, lee Paeenoo, Scone ^ 
OnSca (1940)+ 
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In dm c^p the sterile hybrid would probably not have main^ 
tained itself lEntil the chromci$omc-doubIing occurred, wdiout 
human interference. However, that new species cm be formed 
by this method in nature U shown by the striking example of 
the rice-grass Spaitina (Hnskins, 15^31)* There seems 

to be no doubt that this is an allopolyploid derived from the 
crossing of die European S, stricta with die imported 5 , airmijtora. 
The basic haploid number (x) of die genus is 7, S. strim itself 
appears to be an octopJoid (an =; 56) and S. attemijlora a deca- 
ploid (an = 70). S. t&timsertdti has zn = 12^ r8x. Most intcr-^ 
csdng from the evolutionary standpoint is the fact that the new 
species is in some as yet obscure way better e<]uippcd than either 
of its parents; it not only kills them out in conipctirion^ but is 
extending its range beyond theirs. It is now being employed 
by the Dutch for reclaiming land from the sea. This favourable 
result of the interaction of two gene-complrxcs is the reverse of 
that described on p. 66. It also demonstrates the role of range- 
changes in this type of speciarion (p. 548)> 

Two species of horse-chestnut are known to have originated 
hy hybridizadon. It is intetesting that one of them is a parent 
of the other. From the two tctiaploid spedes* the European 
d^sculus hippocastainm (the common horse-chestnut) and the 
American paitia (the rcdi buct<yc) the pink-flowcied octo- 
ploid garden species A. cartsea has arisen. Tliis» on crossing with 
kippoctistmtum^ gave rise to j 4 . plandermsts. In this latter case, 
a hcxaploid was produced* which at once bred true without 
further doubling. These and other examples are enumerated by 
Darlington (1937, p. 234)- 

A very pretty example is the experimental synthesis of a wild 
species of hemp-netde, CaUop^is On various grounds this 

Cctraploid species was presumed to be the result of a cross between 
G. pufcfsfcits and G. spidosa^ both ordinary diploids. After crossing 
these* an allotcrraploid was produced, which is almost identical 
with the wild form (Mufimug^ 1932, 1937]. Undoubtedly, 
the wild species did originate from thb cross, hut has since 
its origin undergone slight ftirtbct dMerenriation by mutation and 
selection. 
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Occasionally what merits the title of a new' tnic-brccdinp 
species is formed by hybridi^on widimt subsequent chronio- 
soitiG-doubling. This may happen when^ as in die iicjsfwhu case 
just mentioned^ an isopolyploid is produced bcmccn two otlicr 
isopolyploids of different chromosome number. E.g. 4x X Hx; 
gametes 2x + 4x = 6 % stygoce. Otherwise* the process can only 
occur when both parents have the sajoo chromosome nunilscT, 
and when ihc hybrid enjoys certain advantages over the parents. 
If capable of sexual reproductioOt the hybrid wiU of course be 
exceedingly variable, as independent assortment between the 
members of the rv-o parental genomes will occur. 

TIk best case js that of the hybrid between two species of 
Mfdkago, tlie imported purple-flowxrcd lucerne {At and 

the yellow-flowered sieWe mediek (Af. falcat^i) of Europe (sec 
Gilmour^ 193^)- The hybrid, originally described as a distinct 
species under the mn^ of Af. syhesiris^ has strange greeiiisli- 
black fiowerSp is cxotxditigly variable, and is both tiiorc vigorous 
and more fertile than either parent. In Britain this hybrid may be 
dated back with reasonable certainty to the seventeenth century, 
when lucerne was first introduced. One would conjecture chat 
Its initial variability would have been somewhat reduced by 
selection, but there is no direct evidence for this. In one region 
of France^ where lucerne has not been reintroduced for some 
time* the hybrid appears to have ousted both parent forms 
eudtely. 

Let^gham has recently shown (1940) that M fakata exists 
both in a diploid and tetraploid form (an 16 and ja)* while 
Af. jotrVd always has iti — 32, and is thus presumably tetraploid. 
'"Af.syWstrw” involves the tetraploid form of M.falciiid. Homo¬ 
logous chromosomes of the two species pair and segregate freely 
in the hybrid. Ledingham wishes on this accotint to classify 
Af. falasfa and Af. sutipa as * Varieties of one highly polymorphic 
species , but Mr. J. Gilmoiir assures me that no plant taxono¬ 
mists hold this view. The two types have different distributioii* 
ajid diftcT in nuinctous characters* borli morphological and 
physiological. If one makes interfertility the sole criterion of 
species* then the dtploid Af. Jdlcuid would have to be put 


SPECIATION. ECOLOGICAL AND CLNETIC 343 

in a di 5 tinct spcdcs from its almost identical tctraploid, while 
this latter would be classed specifically with the quite distinct 
Af, mtwa ! 

“Af. syttvsim' is in one sense a hybrid swarm, on account of 
its high segregating variahifity, but a hybrid swarm which is 
capable of permanent existence as a group-unit apart from 
either parent, and thus a new species, albeit one with peculiar 
properties (set pp. [47, 335), 

We may also cite the case of PStaseohs vulgaris and A imhi- 
forus. These arc two well-defined species, crosses between which 
have recently been investigated by Lamprccht (1941). Both 
species have n ~ 17 chromosomes. The cross only succeeds with 
vulgaris as female parent, and the Fi is almost sterile. However, 
by breeding from the few seeds produced, 3 number of constant 
lines were obtained in F5-F9, some very close to one or other 
pure parent spedes, others intermediate, showing all possible 
combinations of the parena' characters. Fertility was originally 
low, bur could gradually be raised to a high level. Here is an 
excellent example of species-differences depending solely or 
mainly on gene-differences. Further, the gcuc-complexcs of the 
rwo forms have gradually become largely, but not quite, incom¬ 
patible, so that selection is ‘srill able to restore viability and 
ferality in the hybrid. Some of the hybrid lines can properly 
be regarded as artifioal spcdcs, since they are w'bolly or largely 
sterile with pure P. vulgaris. 

Allopolyploidy has undoubtedly played an important role in 
the evolution of many plant genera. The cateful analysis char has 
been made in Nicoiiaita will serve as a gctod example. Kostoff 
(1933) has experimentally produced a new' allopolyploid by 
hybridizing N. glauca (n = 13) and N. latigsdorjii (n = 9). An 
allotctraploid (n = 21) arose by parthogencsis. This showed 
rather poor fertility, but fertility rose gradually in successive 
generations, until it approximated to norma]. The ailoteiraploid, 
though possessing unique characters, was by no means constanr, 
throwing forms that differed in numerous characters, both 
morphological and physiological. This was due to the relative 
frequency of heterogcneric pairing — i-c. pairing and consequenr 
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scgrcgiitioii ot fliroinuft^^mcs belonging to the i^o parental 
species, though honiogcuccic pairing iiarurally the rule. This 
jneDiiscancy also dcTreascil in due course of gciierntioiis, but not 
to atiy great CKteiit^ 

KostofT also produced uu alloictraploid {zn -- So) bcuvccii 
N. muhiualms (« -- 24) and M Simttcolcm (n — 16). hi this 
ease tlic new species was remarkably constantt owing to die 
ahscnicc of lietcrogcnctic pairing. 

Anodier synthetic species^ N. dtgluta, was manufactured ten 
years previously by Goodspoed and Cbusen, by crossing N. 
tabdctm (n — 24) with N. glutinosa {n = 12) ; the hybrid became 
cetraploid, with 72 as its somatic chromosomc-n umber. Slid 
another was produced in 19J3, N. between R^/iuiirflja 

and another 1 a-chromosoinc species (references and discussion 
in Goodspecd, 1934 ^ Babcock, 1939)- 

This experimental production of new allopolyploid species 
by hybridization is only the human continuation of a natural 
process in this genus (Goodspccth ^93 4 i summary in Dobzhaiisky^ 
1937; p, 214)h. Cytogcncdc analysis has niadc it certain that the 
jz4-clironiosomc American species arc alloietraploids resulting 
from the hybridization betwt™ members of tlic i2*chromo“ 
some groups M i^bacHm in particular^ the source of tobacco, 
can be dcmonstraled, on the basis of the pairing atcraction of its 
chromosomes in spedes-hybrids, to be the pr^niuct of a crobs 
between a form similar to N. syhcstns and one in die N. 

N. is highly polymorphic, like the artificial species 

^Littcu X Imgsdo/fii mentioned above, and appaiendy for the 
same reason. During the dtne since its first orient its chromO” 
somes and those of its progenitors have altered their genic 
composition somewhat, but not enough to disguise their ancestral 
affinidcs* 

Similarly N. nisftcd, another liighly variable z4-chromosonic 
spcdcs, can be shown to be derived from the crossing of two 
members of the N. paniailflfd group, diough.hcR: die subscijueiit 
gpnede divergence of the ori^nal progenitors and the new 
specks has hcct\ greater. And one progenitor of N, tuuikmitis 
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must be sou^c in a form related to N* /ffgenefpAyllii* Nothing 
is known as to the reason for die widespread occuiroioe of 
allopolyploidy in Nmilrdna, but we may safeJy suggest that the 
opportunity for the necessary spcdes-crosscs was pmvidiDd by 
extensive lange-cdiangcs in rtbtion to alterations of climate and 
land-level. ' 

The wheats provide an equally striking example^ with certain 
difieient features (sunimariaed by Dobzhansky, 1917} PP- ^^5 
scq.). Wheats fall inlo three groups with n = 7^ I4t and 21 
respectively. Broadly speaking, the ii^diromosome forms 
group) have three disdnet genomes^ A, B:, and of 
which the 14^-chromosome form group) have two (A 

and B), and the y-chromosome forms group) the 

gcnon>c only* Allopolyploidy appears to have occurred twice, 
once vdth unknown form providing the B-genome, and subsc* 
quendy with an jde^ilcfps-likc form intiodudng the D-^enomc. 

Complicadom have been iujixodiiced by the genetic divergence 
of various types. Thus one of the etiimers^ rimopAftff^ip has a 
B-g]cnome which didets considerably from the normal. This 
may mean that its B-ancestor was not idmdca! with that of 
other emmers, but a related spedcs ;* or possibly the differentia¬ 
tion may have cccorrcd subsequently. Again^ hetcrogenede 
pairing between members of die diflerent genomes takes place 
to a different extent in different cases. Obviously, a twice- 
repeated allopolyploidy such as has here ocauxed provides die 
opportunity for great diversification. 

In willows Nilsson has been able to build up artificial 

species of an amiriiigly synthetic nature. One artificial species 
(Nilsson, 1936) contained genetic elements from 00 less than 
eight wild forms. Similar cases are known in orchids. The hybrid 
"^genera” Potinaf^ and Burr^eara have been built op artificially 
from four dificreut species belonging to four distinct natural 
genera (Sander, 1931). 

Recently, the discovery that polyploidy may be anificially 

* That allotcCTiplaid^f has ocoicrod in more than c™ k nuuk pnslubk 
hy r«ocn]t Riwan woik; e.g. T. ptrsi^um (d x 28) Kcnu to- ad aJlotnnpZaid 
d^¥cd fmm a cicffl between Tr and jrwfKW^if, b«h with 

a=^ H (KcWiidipgtoUt P- 
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produ^rd by colchidnc has opcticd up new' possibilldcs in this 
field* since sterile hybrids can often be immediately converted 
into more or Jess ferriJe allopolyploids by this mcanSp instead 
of waiting for the luclcy chance of natiiral Ghromosomc-doubling, 
As an imtance^ we may take the recent w'ork of Harland (1940) 
on cotton. For exampie, he has synthesiaed an aUotcaraploid 
between the Old World Gasrypifiin dtb^rcum and the New World 
C* fAtfrtfiTj (both n = 13J. This can then be crossed w'ich com* 
merdal teeraploid forms (which themselves appear to be the 
product of ailo^traploidy between Old and New World dip- 
ploids)^ and the immunity to pint boUworm earned by G. 
tkiiTberi can thus be introduced into culdvation. 

Again p be has synthesized allohexaplold forms between the 
cominercial G. bafk^d^nx (n = ^6) and various New World 
diploids (n = 13)^ The addidoii of the wild genome confers 
increased resistance to drought and to various pests^ as well as 
gpcac vigour and somedmes high quality of Ihit,* 

Allopolyploidsj like autopcJyploidsp often differ in physio¬ 
logical and ecological peculkrides firom their diploid ancestors, 
and therefore come to occupy different ranges; and^ again as 
with autoplyploidsp their ranges are usually more excensive+ 
To take but one example* G. H. Shull (1937) has summari^d 
our knowledge of the species of the crucifer genus Capselh. 
Here the basic chromosome^number (x) is 8. The diploid species 
with an — 16 arc* with few exceptions^ found in the Mediter¬ 
ranean area, which appears to be the original centre of distri- 
budon of the genus. This region is also inhabited by various 
tetraploid forms; but these^ t^en togetherp are world^wide in 
their extension. Although Shull has not been able to detect any 
diflercnccs in vigour between the ^ and 4x forms* he is con¬ 
vinced that some such differences must exist, together probably 
with differences in adaptability* to account for the observed 
distrihudctial dif&rencc^ While autopolyploidy uiay have 
occurred, Shull is convinced that hybridization and allotetra- 

eolcluciiK hai of course od^r applicLtiaUr It permin die buUdiiig 
up of autopolyplpkb. These may rheiiuclvei sEqw vduaLlc peiv chaiaetensticf, 
or Uwy may foiiactimes give fmi!c with ocher polyploid tpecies oF the 

sune chrornoscime-ntiioben and » produce new recombiiiiioni 
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ptoidy ha$ been the chief source of 4x foims. 1 ji one area of 
Texas, two 4x forms, C* ^cciJetUalis and C* buts^pastcris, which 
are restricted to the region west and east of the Rockies respec¬ 
tively, have met and crossed, producing a more or stable 
new type; ShuU docs not give cytologjcal data for this form. 

The genus PotatiiUa is one in which both auto- and allopoly¬ 
ploidy have occurred. We have already referred to the auto¬ 
polyploid scries in P. argetUfa (p* 337). In P. colUftn and P. ^mizH 
on the other handr Mmitaing (1931) finds strong evidence for 
allotctraploidy, in the shape of anisoploid (5X and jx) forms, 
Apomictic reproduction has enabled these heterozygous forms 
to remain in permanency. Most colHm biotypes, howevcip are 
hexaploid. Muntzing considers that the very variable "coUcctivc 
speacs" P. collina arose through a cross between P. argmiea and 
a form close to P. In general, the species of 

Pi>tcntilla " Vhich are regarded as old and pritnirive , , ^ are 
charactecized by low chromosome numbers and a reladvcly 
limited and decreasing geographical distribution^^ whereas the 
dominant and aggressive types have a high duomc^omc number 
(up to I2x)p mainly due to allopolyploidy. See also Christoff 

(1941)* 

A curious case is cited by Tischler (1941)* where a gig^ 
form of the normally hcxaploid Aloe diiaris turns out to be 
pcntaploid. 

One final case deserves to be mentioned^ since it shows that 
new spedes can arise by this means even after intcrgiencric 
hybridization. This is the radish-Hcabbage hybrid Raphart^ 
Bidssica (Karpechenko, 1928), This is the product of a cross 
between the radish (RMpbojuis sdtwtis) and die cabbage (Bf£Eswd 
o/ffdrefl), both with an = ifi chromosomes. The iS-diromo- 
some hybrid was at first sterile* as widi Primuh kea^msiSf but 
became fully fertile on achieving allotetraploidy* 

That allopolyploidy after species-hybridization has been an 
important agency in evolution in giving rise to new species in 
nature is shown by the large number of cases m which allied 
jpedcs within a genus or group of genera show chromosome 
numbers which art all multiples csf some basic number. For 
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instance, the basic haploid niimber (x) in the genus ChrysM- 
iketuum is 9, and as, 4jc, 6x, 8x, and lox specks ate known. 
In wheat and oats x = 7, and ax, 4x and fix types occur. Similar 
series occui in every krge genm of flowering plants as yet 
investigated, with the exception of Jtifces and AtttiTrkinutn, 

The evidence goes to show that while some of these serks 
may be due to dw occurrence of antopolyploidy (p. 33i), the 
great majority, notably of sexually teptoducing types, are doe 
to initial aiiopolyptoidy, 

Kinsey {1936) suggests that spedes-hybddization (presumably 
followed by allotetraploidy) has played a considerable role in 
the evolution of the gaU-wasp family Cynipidae, but his con~ 
rb wi on< are unsupported by experimental evidence. In general 
it appears unlikely rim this mode of spedation has occurred to 
any extent in any animal group. Ic has been suggested that 
polyploidy might be conunoner among hermaphrodite animals 
on account of the ahseticc of the X-Y sex-determining mechan¬ 
ism, but M. J. D. White (1940} has shown that even here it is 
much rarer than in plants. In moths, Fedcrley has shown that 
alloietzaploid hybrids may arise through non-reduction of the 
chromoaomes in gametogenesis, Bnt new spedes do not appear 
to arise in this way, partly because mating preferences keep 
normal spedes apart, partly because the hybrids are not fully 
fertile (see Federl^, 1932). Spedw-Kybridization occurs in fish, 
bur we do not know the cytolog^cal phenomena, Hubbs (ip4o) 
has described cases in wbidr desiccation in die American desert 
has brought together in one pool two spedes oc^inaUy di9eren> 
dated in relation to lake and stream life. £,g, with chub, two 
pure spedes and many hybrids were found in a single section 
of cteek. Such cases would repay further investigation. 
Considering the general role of allopolyploidy in plant evolu¬ 
tion, we may conclude that It is likely to occur when changes of 
dimate bring about range-changes, these then providing oppor¬ 
tunities for hybridiiation between plant spedes which have 
developed in isolation and between which no reproductive 
barriers have therefore been evolved, such as diflcient flowering 
seasons or adaptation to di^rent insect pollinators. But, once 
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induced, allopolyploidy often provides the opportunity for taking 
advantage of the new condidons. This is partly due, as mth 
autopolyploidyp to increased vigour and resistance^ partly to the 
fact that quite new types, some of which are pre-adapted to 
various ecological conditions, are produced (pp. and 

ftnalty to the plasdcity conferred by a certain degree of hetero^ 
genetic ckromosomc^pairing. 

This plasdcity is due to the fact that heterogcncdc chromosome- 
pairing produces a unique type of variation. The mechamsm of 
meiosis produces segregadon and recombination. The characters 
segregated and recombined arc in the vast majority of organisms 
dependent on singb-^ene mutadons which form part of the 
general cx>nsdrudon of the species. However, in allopolyploids 
with some degree of heterogeneric luring, what are segregated 
and recombined are not single genesp but groups of genes which 
have evolved for long periods, often milUom of years, in isoladon 
from each other, so that such spccia possess a new Idnd of 
recombinadonal variation in their generic stoct-in-trade. 

We must finally consider the eases of so^allcd ancuploidy 
or secondary polyploidy, in which some kmds of chromosomes 
are represented more often than others in the total complement 
(poly^my)* Different strains within Viola kUmMima include 
not only polyploids, and polyploids lacking one chromosome 
(monosoniia)t but polyploids with some chromosomes polj^- 
somic (Clauseti* 1927). The analysis here is not, however, so 
dcar-<ut as in the spedes of dahliap D* morM. All specks of the 
genus Dahlio save this one have n = 3 or some muldplc of 
D. flstfrefajp howevetp has n - 18. Cytologica! evidence proves 
that this must be interpreted as a tctraploid in which two kinds 
of chromosomes ate represented by three pairs instead of two; 
i.e* whereas mosr kinds of chromosomes will exist in the form 
ppi. F*F*; G>G% GK^\ two kinds will as A*A* 

A"A»; Bm\ B>B*. The species is thus mainly tetraploidp 
but partly heicaploid. It is noteworthy that this species shows 
mote striking differences from the rest of the genus than does 
any other. This is to be expected, stntx the balance between 
the genes contained in distent chromosomes is upset. Such 
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cases mmx havt originated suddenly by duplkatioti of ivbole 
chropiosonics^ those forms surviving which have a proper generic 
balance. They are not known for certainty in diploids; the 
reason here is presumably that the upset of balance would be 
more considcrabk {a ; i instead of j : a).* Collins, HoUiigs- 
head and A very (1929) produced a secondarily balanced “spedes*^ 
of CffprSp C. artijidalb, by crossing rhe tetraploid C. bkmh 
(zii = 4X » 40) and the diploid C. serosa (an = 8)^ In the Fi, 
I he 20 bitnnis chromosomes fonned 10 pairs by autosyndcst^, 
but the 4 xtestf chromosomes Kgregated at random. Howevef, 
after some generations of selfing, a uue-breeding strain was 
produced in which two of these had been completely lost, while 
the odicr two had become paired. Here, thm, the secxmdaiy 
polyploid has been produced by loss of chromosomes. Accord¬ 
ing to Sikka (1940) secondary polyploidy has played a con* 
sidcrable role in the cabbages (JBrfisnV^)^ The baric chromosome 
number b x = 5^ Straightforward tctraploids (an = 20} exist, 
together with both plus and /ni/no secondary tetraploids (an 
=20-|-4J 2n— ao— 2; 2n=20 — 4). From these various forms 
allopolyploidy has produced new species^ with an — 34^ 561 iS» 
and 48 chromosomes respectively, 

Darlington (1937) has given cogent reasons for believing that 
the whole Pomoidcae section of the Rose order, comprbing the 
appks, pears* medlars, etc., are of similar comrimtiont derived 
ftom a bask number of X = 7» by tecraploLdy foltowxd by 
extra represenution (six times instead of four)'of three diromo- 
somo. They then l^vc 2n = 34, four of the original seven 
chromosome being lepraeticcd by two pairs each, the trmain- 
ing three by three pairs, ft is probable, though by no means 
certain^ that this condition has been reached by die loss rather 
than the addition of chromosomes after a cross. On pakonto- 
logical grounds, this condiritm must have originated not later 
than the early Tertiary period. 

* Ac atietfpkiid fb tm with rstn irpit^nOEkin of oat kinl of cilfintUHDine 
;iu eiqxiiiiiciitaJly prodwx^ in totwtti bj Webber 

letuk Km fottawnl live gencntkmi iiv-bfCHiiiig alter a ow* md involved 
fiiioiij complex ptocmei which nc^d oat oxKern us here- Lammarti (tpja} 
by liiiiiLij nwebodi^ ptodticed anoeber "ipcocs" of dut type# 
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Thus ill ail Jit ion to dit various cvoJuUoiiary implicatiotis of 
polyploidy already mcnrioiicd, we see diat it pemiifs a new 
type of initial variation, m the shape of altcrarions in the numciioal 
balance between different kinds ofdtromcHOmcs. 


lO. ftmeULATE OrmiRHNltATlON 

We iiiust now briefly considef the extremely complicated state 
of affairs to be futmd tn certain plant groups Me the roaes 
bran I bin (Rul^r), w'illowi (iSdix}^ and hawthorns 
resulting in a network of forms (rcciciilate evolution). 

In all tliesc groups^ matters are complicated by a coniblnatiofi 
of polyploidy and variots metliods of iioii^exual reproduction^ 
In the Cionriac section of the gpnm Rom, what has been called 
iuWxnd rq^ifkluaion occun. The species of this group typically 
possess 3 5 chrotnosomes* 7 being the basic number for all roses. 
In the formation of ova, 14 of dieie nomrally pair at meiosis^ 
while the remaining 21 all go to one pok of the spindle. Tliis 
results m cells with 7 and with 28 chromosonics respeedvclyi 
and from the Lticr the ova arc foniied. In the forniadaii of 
}Kj||enp on the other handp no such differentia] behaviour of the 
unpaired chromosoiiics is observed, but most of them are climin* 
ated from the nuclei by bgging duruig division. The result is 
that the majority of the viable pollen-grains have the complete 
single set of 7^ together with o, or 2 others. The 21 unpaired 
chromosonKS are tlms generally handed down asexually^ while 
the few dm appear in viable pollen grains provide a certain 
amount of excess variabdiry. The Canutac group has undoubtedly 
arisen through hybridizatioti—either by repeated crosses between 
different types of diploid species or by a ert-ws between hexaploid 
species—after which the special peculiarity.^ of the spteni must 
have arisen adaptively. It is noteworthy that whereas self- 
potlinaucm leads 10 sexual reprodiictian, croas-poUictadon nor- 
mally acts as a stimulus to j^iheiiogenciic devclupmait. 

hi odiLT lecdofis of the gaius. all tJic evai-inultiplc pdyplokb 
(and even certain of the diplokis) appear to Juve arisen as spedes* 
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hybiicls, Insomctoscs these! hybrids arc iiitcrchaiig^ beterozygotes, 
with the result that segregation produces fornts rcsembliiig the 
presumed original parents. Crosses between different spedcs often 
oceur^ and may be viable and capable of reproduedon (Darling- 
ton, 1937, pp. 460 scq.). 

It will titus be seen that hybridisation is not tmcotiuiion in 
the genus and that as tlic result of it, in addition to true- 
breeding polyploid species, a certain amount of segregation, 
either of singie duomcMojnca or genoincs, takes place. The group 
thus forms a network, in wliieli cotivergent spedcs-formadon 
lus not merely led 10 new spedcs, but also to their pardal or 
total dissociation; ajid some of the new types produced by this 
dissociation will iitaiiitain themselvc$. The course of events can 
be repicsetitcd as a network, so that we can speak of the evolution 
of tlie group as reliml&lc (Turrill, 1936)- 

Tlic same absence of sterility-harriers betweai related species 
as is shown by occurs also in Rithu£, though here the [Kisidoti 
b coit^plkatcd by the fact that wlieieas crosses between closcty- 
Tcbted species trsuaJly ykld true hybrid$, tK^)se t>etwccu more 
distandy related fontis yield ^TaJsc hyb^lds^^ Thcjic arc prtkluced 
entirely apomictkallyi aldiough the stimulus of the ftjrcign 
pt^Uen appears to he necessary. A remarkable fact is that in New 
Zealand, though redculatc evolution is frcqucni in the Aora, it 
docs not occur in Ruhus (Allan, 1940)^ 

Some hybrid forms breed true as new pilyploid s^iccies 

(tills is also true of the loganberry» a spedcs artificially produced 
by allopolyploidy after a cross between raspberry and black¬ 
berry). In nature, spedes occur with ast. jx, 4X, 5X^ 6x, 
and Bx chromosomes (x =■- 7, as in Raw), and apparently 
divergent segregants as well as convergent hybrid forms arc 
producedL 

Crane and Thomas (1939) have shown that reproduction in 
the polyploid spedes n^ay be entirely sexual, entirely apomictiCf 
or partly sexual and partly non-scxoal. hi addition segregation 
may cMxur even in aponiictic reproducti^m hy meatus of crewing- 
over, die apomictic embryo presumably arising ^er the fiirst 
nieiotic division. Some of die distinctive types thus prtHluced 
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brcccJ irac and iiiamiain chcnisclvcs in naiorc (and skt p. 334). 
Thus "many of the spedes and micro-specics of Autiw are 
evi^tfy clones and subclonc^ produced by ^gregation and 
maintained by apomixis'^ 

The willows (Sd/jx) show die same bewildering mulriplicity 
of “species” in namre as do Rjiiws and Rosa, and almost certainly 
for ibe same general reasons (see c,g* Nilsson, iMo). and sjrnthctic 
species have been artificially created (p, 345)- Bcwilderii^ hybrid 
swarms arc found in New Zealand (c.g. in Atvuoania, etc. p. 355; 
Allan. 1940), but cytogenede investigation is needed before we 
can say if they arc of the true rcticiilate type, or merely show 
mmdi^an gene-recombination. Similar but less extreme 'reticu¬ 
lation” appears to occur in one section of the genus Viola. 

As a result of these processes, the classification of such groups 
according to ordinary criteria is rendered all but impossible. 
We may quote what an experienced plant systemadst has to say 
on the matter (Turtill, 1936): "The taxonomy of the British 
genus is in such a state that specialists sometimes cannot 

agree in more than one detcmiinadon in ten. It is prohahle that 
in such g^cra a totally different scheme from diat of species 
and varieties will have to be evolved before stability of expression 
is reached.'' 

The case of the hawhweeds (Crepir) is dealt with elsewhere 
{p. 37^)- Babcodt and Stebbius (see Sicbbins. 1940^) propose the 
term polyploitl complex for groups in whidi self-perpctuadng 
secondary hybrids between auto- and allopolyploid forms are 
produced, so that “there arises a complex network of interrebted 
forms, which defies classification according to the usu al concepts 
of the spedcs”—i.c. which shows redculate evolution. Reticulate 
polyploid complexes of this sort occur not only in Crepit, Root 
and RiAui, but in scores of other plant genera. 

This “conveigcnt-divcrgcnt” type of redculate evolution may 
be contrasted with the “recomhinadonal” type found in man. 
Here, a rcticubte result has been achieved by quite other means. 
Instead of the inidal crossing being between distinct species, and 
the divergent variability being due to segregadon of whole 
chromosomes or genomes, the crossing appears to have fa he n 

M 
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place between well-marked geographical subspcdcs,* and the 
divcigoit variability « thus due to ordinary gpnc rccombinatioD, 
So far as we know, no polyploidy and no fonnation of specially 
stable types has occurred, but the progressive increase of migia- 
tion and crossing has led to a progressive increase of general 
variability (see general diiscussion in Hiudey and Haddon, 1915 ^ 
Huxley, 1940). 

Man is the only organism to have exploited this method of 
evolution and variation to an extreme degjree, so that a new 
doinmaiit type iti evolution has come to be represented by a 
single world-wide species instead of showing an adaptive radia¬ 
tion into many intersicrile species. Doubtless this is due to his 
great tendency to individual, group, and mass migration of an 
inegular natutc, coupled with his mcnul adaptabiUty which 
enables him to effect cross-mating quite readily in face of dirtcr- 
of colour, appearance, and behaviour which would act as 
efficient barriers in the case of mote instinctive organisms. 

Keith and McCown (193,7) refer to the cxtraoidinary varia¬ 
bility of Palestine man some sixty thousand years ago. As a 
“neandcrrlialoid type can be distinguished in this population, it 
may be suggested that the variability is partly dependent on 
crosses with H. rtcanJertkaUtisis. 

It is interesting that in the animal group widi the largest 
powers of irregdar dispersal, the birds, adumbrations of the 
same process occur. We have already spoken of the hybridizadon 
of the two spcdcs of flickers (p. Z50), but in addition to the 
“mixed zone*' where the two species have come into contact 
by extending their ranges, obviously hybrid birds arc found 
sporadically in the areas of the pure spedes, the frequency of 
such forms naturally diminishing with distance from the mixed 
zone (Taverner, i934). 

We have aUo {p, ajz) mentioned the somewhat similar picture 

* Some lurh Gates to caJ] J^nn dtuinrE 

the dilTcfciior ti here lirgvly i iiiattcf of convciMciicc, boi lince ihey an: tl«Hy 
of i^eognpliicTl origiio and tomplctcLy of reiioaibly intcifmilc^ to th^t the 
multuit liTgtly hybiTil coiatitijtci a uiigk imctbfMstliiig wkr ic Kcnii 

betur, and more in icoocd witli m^idcni pnokie^ m style them sobapetka of 
1 uiig^Lr kfgL* l|Kficf or RjOJrtilcwiJ' (p. 
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presented by tbe itd-tiUcd hawks of the genus Buteo in Canada. 
Here the number of sporadic hybrids occurring within the areas 
of the various normally pore types appears to be more consider¬ 
able fTavemer, [936). Tavemer points out that the cfccurrmoe 
of sporadic individuals of die general type of one subspecies or 
spcdcs within the range of another occurs in a fair number 
of birds. 

A slightly different eflect is shown by the watcr-tbmsh (Sriunu 
novebaraixrtiis)f a migratory species. McCabe and Miller (l 933 ) 
find that this specics shows “incipient geograpbk dilferendarion” 
into three starisdcally separable subspecies, but “even in the 
geographic centres of one of these races individuals may appear 
that show a oonsiderahlc approach to the other race. Geographic 
segregation and correlation of charactets ... arc incomplete 
not only at the borders or 2Kincs of intergradation, but to some 
extent dirou^out each race". 

We have already referred to the hybrid swarms prcKluced by the 
crossing of plant species in nature (pp. 147,353). These may be so 
extensive and so succcsshil that they constitute a definite clement 
in the flora of a country. Evolution in such cases is also reticulate, 
though the meshes of the biological network will not be so 
largp as in Jtu&ur or Rosa, and the result is mote like that obtaining 
in man. The best-invesdgated cases come from New Zealand, 
where no fewer than 491 hybrid groups have been recorded 
(Allan, 1940). Alkn refers to “colonies of Hebe that present a 
multitude of forms none of which can at present be separated 
out as belonging to a 'good species'", The same sort of dung 
occurs in Ijptospermum and Senfriu. In Aleuasmia there is an 
extraordinary muldpUcity of forms, many of them hybrids, in 
the nortbem part of North bland, N,Z.; the complexity dimirusbes 
with increasing latitude, until in the soutbem part of the bland 
only a single wcU-characteriacd species is founil* As Allan says^ 
new methods of nomenclature must be devised to deal with 
such situarions. 

In many cases the hybrid swarm arises as a result of human 

* Wc have bftfe a very ummui fbrm of cUac^—io ilcgiM iuienpcidSc 
mmag. 
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inrcrfmnoc (sec p. 258). Thk probably applies to the kidney 
vetch* AjfAyJfij (Ma^en-Joncs and Turrill, i9ii)f 

where what seem originally to have been well-marked geogra¬ 
phical varieties (subspecies) have hybridized in numerous areas 
to give rise to compkx hybrid swarms, each with its own 
characteristics (sec also pp. 247, 291). 

It has been sugg^icd (Lowe, 193<5) that the state of ai&irs to 
be found in the ground-finches of the Galapagos and the sickle- 
bills of Haw^aii is to be explained as the result of large-^scdc 
crossing and reticulation. However, we have seen (p. 327) that 
this is not supported by more careful analysis. Hybridization 
docs seem to occur occasionaUyj however. Lack (i 94 Cm) men¬ 
tions G^(^spixa dn^ostfis dstuHm^ which occurs on a single island 
and appears to have arisen as a hybrid between G. c, pf&pinqud 
and C* fffigpirrostw: as would be expected it is exceedingly 
variable. One other such case is also known in the Geospizids* 
tt will be seen that reticulate evolution, though uncommon, 
is not so uncommon as was ufitil very recently supposedL There 
is a natural reluctance among systemadsts to recognize its exis¬ 
tence and its implications, since these run counter to the generally- 
accepted basis of taxonomic practice. The fact that this basis is 
lirgcty tinconsdous merely enhances the reluctance to change. 
It may be that once the necessity of admitting the existence of 
reticulate differentiarioii has been recognized in principle, it will 
be detected, in large or small degree, in a much greater number 
of instances, especially among plants, but also among animals. 
In the latter case, it is likely to be of the smaU-meshed or recom- 
binadonal type only, while in plants both this type and that of 
the polyploid complex are to be expected. 

II* n-tUSTHATTVE EXAMPLES 

To illustrate how dificicnt the methods of spedarion may be 
in higher animals and higher plants, two concrete examples are 
here presented of g^era which have recently been subjected to 
the fullest analysis—the friiitflics (Dr<jjup/if/d) and the hawkweeds 
(Crqju)* 
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DrosopUila b unique in being the only gienm among either 
plants or animak m which we have at oui disposal not only the 
results of intensive taxonomic study of the usual type and of 
work on ecology and populadon-structure, but of an astonish¬ 
ingly complete genetic analj™ and of what we may call ultra- 
cytology (of sahvary gland chiomosomes)* Furthennort, it has 
a very wide range^ and comprises a Large number of species^ In 
what follows, the accoun ts of Muller (1940) and Spencer (1940) 
have been mainly drawn upon^ while Dobahansky^s boot (rpj?) 
has also proved a mine of infonnation, and. M. J. D* White 
(1937) gives a bikf but useful summaiy. 

A retsnt cartful taxonomic study by Smrtevant (i93&) has 
been undertaken in forty-two spedes of the genus available for 
detailed examination- Twenty-seven characters were selected 
whkh could not be regarded as due either to similarity of 
developmental processes, or to selective (adaptive) agencies, and 
their coirelatiom tabulated. Further work is in progress, but on 
the basis of the results to date it was found that the accepted 
ujEonomy should be modified, and che genus should be divided 
into three subg^era, one so far containing only a single specks 
(D. dunami)^ one {subgenus Dros^phik) containing such specks 
as funebris, kydei^ repJrid, and viriJir, and the third (subgenus 
Sophophera) containing other welhanalyscd spedes such as 
mclanogaster^ simulms, ciiicbusaa, anamssoet miforuk^ obsoir^p 

psa 4 doobscuriij and 

The two main subgcnera differ in such points as the fusion 
or separation of the posterior pair of Malpighian rubes, the 
number of filaments on the egg» and the shape of the dark 
posterior bands on the abdominal segments. 

A considerable time ago Stuitevant in bis monograph (19^1) 
showed that many of the spcdfic characters in the genus could 
be matched among the mutant characters which appeared in 
experimental cukures. 

The conclusions reached on the basis of cytogenetic work ate 
as follows. Firstly, Dri^sopkik is as yet the only organism in 
which suSdemly detailed tests can be carried out to decide 
whether, in addition to obviously mendelizing characters, the 
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vague types of variation, more fluid and more continuous in 
their phenotypic variation and their inheritance, also tnendeitze 
and are therefore dependent on chromosomal and particulate 
mhecitancCf or are due to some quite difierent type of process 
(cytoplasmic inheritance, orgwismal rebdom^ etc.). The answer 
is decisive; with one pc^iblc exception, perhaps due to a virus 
(L^Hrfrider and Teissier, 1938), all heritable differences in f>ro5o^ 
phiia are chromosomaL The further important conclusion can 
be drawn that mutadons, with slight effi^cts, many of 

them often affecting the same character, are more frequent than 
large ones, and much more important in evolution (Muller^ ^94^)- 

Another important general result (p. 75; Dobzhansky, 1939^) 
is that wild popubtions are full of gcncKliffercnccs^ mostly 
rcccssives in single dose, to an extent much gr^er than originally 
thought possible* These gcne-dilfercnocs must be presumed to 
have originated by mutation of the same type as has beeti studied 
in the bboratory, though recent work (p. 55; Zoitin, 194 ») 
mdicaccs that, owing to the rapid changes in temperature, etc,, 
til the wild, the muEacion rare in nature may be considerably 
higher than in standard laboratory conditions. 

Detailed popubdon analpis has also revealed the important 
fact that popubdoDs from different areas, thongh superficially 
alike, often differ in regard to thdr content of recessive genes 
and also of chromosome rearrangements. Further, different species 
of dK genus show different degrees of this local diffeiendadon, 
douhcl» owing to differences in behaviour and ecology (see 
Dobzhansky, N.W. and £. A, Tintofdeff^I^essovsky, 1940), 

Quite recently Spencer (deed by Muller, 1940} has shown 
that a limited fertility exists in crosses between two species of 
the genus— D, virilis and D. ameriaata* The gctictk analysis 
thus made possible revealed that all the character-differences 
investigated were due to muldple goics, each having a small 
effect. 

* The kiter i$ ifKQirEiitic] uricurd to as a laUpcra of D. viriUs, but tiie 
between the two m ordimry Eaxonamit [dutaften, in polyploidy, 
md io duoniDioiiif itioipbdo^ arc, accordu^ to Spcooci, u gi^ as choie 
between vawui pun of ibrmi wohiu the ip-mu, whi^ ate leeog- 

nbed ai **eood bm see below, p. 367. 


SPECIATION, ECOLOGICAL AND GENETtC 159 

Although the hybrids between JD. melanogttstef and D. iimiiliBK 
are w'hoUy sterile, Muller, by an ingenious method (Muller and 
Pontccoivo, 1940), has recently been able to obtain flies with 
combinaaons of the chromosomes of the two spcdcs which arc 
equivalent to the results of a back-cross between a hybrid Fi 
and the melcaiC^dittr parent. The results show that in both species 
each major chromosome (X, II and III) contains interacting genes 
affecting Viability and another interacting system aflcctitig fer¬ 
tility. The small IVth chiomoaomc of iiwHlflfis, when cransfrnDed 
into an otherwise pure jttilctwgaster genotype, produces various 
new genetic effects. Again, the abnormality of abdominal band¬ 
ing and brisdes shown in the normal Fi turns out to be due to 
interaction between a sdt-Unked jifuiilans gene and one or more 
autosomal mflanogaster g^ncs, a result reminding us of the 
n ylano rir tumours produccd by species^iybridizatioii in certain 
cyprinodont fish (p. 6d), 

In general the results thus support the vkw that once group 
become isolated they start to diverge in respect of a number of 
genes, and that these arc intetioefced in a harmoniously-stabilized 
system or systems. After a certain time, apparently not of great 
duiadon, the specific systems become mutually inharmonious or 
even incompatible through the sheer accumulation of difference. 

It has sometimes been suggested that sterility between spedes 
depends on special factors. Here, again, the evidence from 
Dresopkila is to the contrary. The two "lacca'* (wcU-dilfeientiated 
genetic subspecies) of D. pseudoobscura show a marked lowering 
of fertility on crossing, the Fi males being wholly sterile, the 
females very slighdy fertile. By an ingenious method (only 
possible in a genetically well-analysed form), Dobzhansky has 
shown that, in later generations &om back-crosses of the hybrid 
females to either pure spedes, the fertility of the males depends 
wholly on the pardeuW combination of "fertility genes” (or, 
if the term be preferred, “sterility genes”) which they happen 
to tcccivc. These genes are distributed through all the chromo¬ 
somes, and furthermore (as was also noted for the viHiis-^mcrifafta 
cross) different strains of each parent type differ in their cross- 
ability, owing to their containing diffetent complements of 
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fertility genes. Thus the special criterion of most animal spedes, 
their mutual infertility, appears in Drost^hUa to depend largely 
on gene-mutadons (together with sectional chromosomal muta- 
dons, as mendoned later). 

In addidon. the intensive genedc work carried out on single 
spcdcs of the genus, notably D, HKlmtogaitcrj has shown that 
they all contain the genedc potendahty for developing strains 
with reduced intcrferdlity if evoludonary occasion should oBTcr. 
The mo^c inicrcsdng and rclovaiic eases arc titost in which a 
combination of genes exs^m an c2ca on fertility which, is not 
exerted by any of the genes singly. Thus airly mttg and tmkd eye 
when in conibinarion give nialcs with almost complete infertility. 
An opposite effect is found in relation to dehex, w^hich in most 
stocks thickens the w^ing-vdns and ako produces complete male 
sterility. However, Bridges, has found three separate '*dehex- 
suppressor" genes, two autosomal and one sex-linked, which 
almost wholly suppress both the morphological and the sterility 
effects of dcltex. 

Similar effects are known for viability' (sec Chapter 3). Mulkr 
points out that such cBccts, of reduced fertility and viability 
after crossing, arc bound to arise sooner or later in strains chat 
are in any way reproducdvely isolated from each other. “For^ 
given enough mutadoiial differences, some at least of the genes, 
in recomhinationt will g;ive tion-addidvc effects on viability or 
ferdhty, and, as is always the case with effects not yet subjected 
to the sieve of selccdont these effects will far oftencr be adverse 
than benefidai." Thus any pardal genedc isoladon will auto- 
madcally tend to become rnorc complete with dme. Further¬ 
more, natural selecdon will also operate to reduce the wastage 
caused by any degree of lowered fertility after crossing. Fi 
sterility will 1 ^ favoured as against Fi stcrUity^ Fi in viability 
as against Fi sterility, and mutations preventing Pi crossing at 
all (psychological and reproductive barriers) as against those 
concemed with effects on Fi* 

The same general principles apply to viability, to normality 
of development, and to nomiaUty of chromosome-conjugation 
in meiosis. Genetically isolated groups arc bound to develop 
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thcii own charaictcruck: syiteiiu of gctics adapted to harmonious 
devdopmetit and function, but these gcne-sysietiis are cquaUy 
bound to become mote or less disharmonious each 

other, so that crossing will produce some reduction of har¬ 
monious functioning in Fi or bter generations. In particular, 
certain gaies which on their first incorporation were merely 
advantageous deviations will become converted into necessary 
bases for later stages of the genetic system. 

It is extremely unlikely that hybrid sterility in higher animals 
dan ever be brought about by a single gene-mutation or a single 
sectional icarrangcment. On the other hand, reduction of cioss- 
abilit)' might be brought about in this way, and would then 
lay t^ foundation for the development of intersterility. 

The existence of a highly differendated sex-determining 
mechanism, as in Drcsophila, provides an extra cause of hybrid 
sterility. In the first place, the X-chromosomc (in Dresophita) 
coiiiams a disproportionately large number of fertility genes; 
and secondly, sex-linhcd genes must have especially strong 
expression, since in the heterogamede sex one dose of these 
genes must be balanced against a double dose of any comple¬ 
mentary autosomal genes. Thus in crosses berween incipient or 
full specks, sex-hnked genes in the male Fi arc especially likely 
to be in imbalance with thcii autosomal complements, resulting 
in lowered fertility of this sex. This is the basis for Haldane’s 
rule of tbe reduced Fl fertility of the hetcrogametic sex in wide 
crosses; as Muller points out, similar or even larger effects may 
be exerted in later generations. Here again the specks of higher 
animals may be regarded as being more hi^ily differentiated, 
and more sharply delimited genetically, than those of plants. 

Drosophila, owing to its giant salivary gland chromosomes, is 
especially favourable material for studying sectional cfaiomosome- 
learrangements. Recent work has made it possible to evaluate 
the degree of their importance in spedation with some degree of 
assurance. The first point to notia; is that sectional rcairangements 
rend to inipodc crossing-over. Wherever crossing-over is thus 
interfered with, and the sectional rearrangement is fairly wide¬ 
spread within the specks, the genes in the rearranged sectioJi are 
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effectively bolated from those m the corresponding “normal''" 
section. Thus, as Darlington especially has stressed, there aic 
prtxlnccd within the species two isolated partial genetic s^'stems 
which may diverge from each other Uhe two distinct species, 
by the accumulation of dUfrreiit niutants (sec p. also 67,139). 

It was at first thought that large rearrangements were common 
causes of spedation in Drosophila, but Muller points out that 
in this regard they must be quite secondary to genc-mutatioti* 
This is sho^vn by the fact that die types of rearrangement which 
most commonly characterize related species also exist commonly 
within species. 

In any ease, they are much rarer than gene-^mutariom* and 
can hardly ever recur identically« as happens with numerous of 
these latter. Furthermore, the above-noted fact of the gictictic 
isolation of the rearranged section from its normal homologue 
will mean that, so long as the rearrangement remains rarc^ it 
will not have the same evolutionary plasticity, so that its pcfisessors 
will be handicapped if adaptive change is demanded Thus 
rearrangements are only likely to become established through 
the accidental process that Sc wall Wright calls ^^drift”, winch 
will be favoured by the existence of small mom or less isolated 
populations* Their maintenance may also be favoured by their 
heterosis effect, in the heterozygous condition ^ on vigour and 
productivity. 

Finally, individuals heterozygous for sectional rearrangements 
are destined^ owing to their peculiar behaviour at mciosis^ to 
give rise to a certain proportion of gametes with an unbalanced 
gcnc^omplcmcnt (included by Muller under the term £niciip/e/d)p 
which give rise to in viable ofEpring. The resultant reduction oi 
productivity is especially marked with tnuislocations, increasing 
\^ith the size of the translocated section^ witiiin this type of 
rcarrangemem, mumal translocations of practically entire cluromo- 
somc-^amis suffer least* It also occurs with pericentric inversions^ 
wliich include regions on either side of the centromere, and tlicn 
is niofc or less proportional to the length of the inversion. 

On the other hand, paracentric inversions* which do not include 
the centromere and lie wholly within one chromosomc-arm. 
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dio not sufi« lids redumon of producti^cy* SturtcvaDt and 
Beadle (1938) have shown that this dcpetidb on the fact that in 
DmsQpkih the polar bodies are all fonned hi a straight line 
extending radially outwatdSi md that this causes the ancupJoid 
chromosojn&-sets to remain in the two central polar bodies, the 
egg nucleus and the outer polar body receiving normal gdiC- 
complements. 

Small "repeats*^ (including ^Vhife*^ of the repeated section 
into another part of the same individual chromosome) will not 
cause any serious loss of producdvtty. 

The changes that lead to the resolution of a V-shaped chromo¬ 
some into two rodsp or to the reverse process^ also occasion little 
or no loss of productivity. It was originally supposed that such 
altendons were readily brought about, but a proper under¬ 
standing of the chromosomal mechanism has shown that they 
require a romhination of several relatively rare events, and must 
themsclvn thus be much rarer than ordinary sectional rearrange¬ 
ments (pp. 565-6)* 

The analysis of sectional rearrangements as found in nature, 
both within species and as characteristics of closely allied species^ 
confirms the expectations derived from what we have just set 
forth- In many thousands of chromosomes from \^Tld popula¬ 
tions of several Drcs<fphila species Dubinin and his associates 
(1934, IQ36) found only thirty-five sectional rearrangements* 
Thirty-three of these were paracentric inversions (many of them 
widespread), one was a small shift, and one a small translocation* 
This emphasis both the difficulty of other types of rearrange¬ 
ment becoming established, and the rarity of rearrangements in 
nature as compared with g^nesmutadons. 

Again, D. and D. melanogasttr differ sccrionaUy in 

respect of one large and one very small in version ■ but they are 
characterized by a large number of visible character-differences, 
which must be ascribed to gene-mutadons. A large number of 
gene-differences have been shown to exist between D. virilis 
and D. americana^ while sccdcmatly they differ only in two 
inverslous and probably one shift, 

A very interesting pointy however, is that in some species of 
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the genus sccdoiia] rcarmig^mts are much more numerous. 
This is $0 ill D. psettJo&hsium^ which has yielded twenty-five 
sectional difiercnces (almost all intra-^orm kivemons]* as against 
sev™ discovered in D. fffe/*nc^ajter. In this case, dificrent com¬ 
binations of sectional difietciKK are found in dificrcnl regional 
populations, and each suck population shows the same degree 
of prevaience of sectional rearrangement as characterizes the 
endre population of spedcs such as D. meltmogaster. The local 
groups alw differ in regard to numerous gpic-mutations* It is 
thus probable chat D* differs biologic^y from other 

species of the genus in being spht up^ owing to some ecological 
peculiarity, into rekdvely isolated local groups, which will 
facilitate the local occumuladon of sectional rearrangements 
through Bewail Wrighf s "^'drife'^ The same cause has doubtless 
operated to divide it into the two more or less intersrerile sub¬ 
species, “races’’ A and B. D. is also divisible into simlbr 

*'races"^aE least two and probably more. Tn its race B one arm ol 
one of the V-shaped large chromosomes is absJbt; possibly it is 
genedcally inert in the other race (Kikkawa, 1936).. 

So £ir, only very closely-related spcdcs have been considered. 
When a greater degree of divergence has occurred, many more 
sectional rearrangements have occumulatccL Thus, although D. 
pseiidoohfcum is quite closely lebtcd to D. miruitt/fl, Dobahansky 
and Tan (r93'6) have shown that at least forty-^iine chromosome-^ 
breaks, and probably more like one hundred, must have occurred 
in the course of their difierendadon from a common ancestor- 
Patterson and Crow {1940) point out that the small size of the 
breeding-units of D. rfuVflmfti would allow a large number of 
rearrangements to become irreversibly fixed, whereas the larger 
and less isolated group of D. p^uJocbscura will promote a smaller 
number of rearrangements floating through the populadont ^d. 
fluctuating in frequency, Athabasca and differ in a 

still greater number of reanangements, and, though they arc 
not widely remote systematically from and 

D. fflir^rdu, show no recognizable homology with either of these 
in the banding of their salivary gland chromosomes.^ It is thus 
probable thai all these four spedes share the biological pecuHaiities 
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of D, p^uJo^bsoim^ whereby sectional leairangements are accomu- 
kted with greater frequency than in forms like D. 

There is again no recognizable similarity in chromosonic-banding 
between D. ifiefan^j^oster and D. pseudoobscum. 

One interesting bearing of sectional rearrangements on taxo 
nomy results from their relative rarity, and from the fact that 
most of those occurring in a single chD^rnosome-armt especially 
if they involve sections of the chromosome-map which overlap, 
cannot undergo recombination with each other by crossing- 
over* It IS accordingly possible in certain cases to deduce with 
certainty or high probability the phylogenetic course of events 
by which two related species showing a number of difibrences 
in sectional anangtments divergei The only restriction on the 
method is that the seriation of steps can be read in either direc¬ 
tion: to decide which is the origin and which the terminus, we 
must rely on other data^ such as morphological resemblances 
and geographical distribution. 

As an example we may take the rearrangements found in diC 
third chromosome of D. ps€udoob$€um. It is found that all the 
reanangcments of race A must have a common origin, and so 
must all those of race B. These two original types are both 
removed by one step only from a contiguration which no longer 
appears to exist, but which was presumably ancestral. In addi¬ 
tion, from this presumed ancestral type, the rearrangements 
found in the related D* miTonda can also be derived. Correspond¬ 
ing studies on other chromosomes, together with data on the 
geographical distribution of the various rearrangements, should 
add considerably to the accuracy of the tesults (Sturtevant and 
Dobzhansky, 1936; and see Muller, i94Df p. 233}. 

It is well known that the dtfierent species of Drosophila difier 
in the gross morphology of their chromosomes. Thus the haploid 
has 2 V^s, 1 rod pC), and 1 dot (microchromosomc); 
has no microchromosome, 2 V"s and i rod, but the X 
is here a V; strife has 5 rods and a microchromosomes [ insmigrans 
1 V and 3 rods; etc* 

It was at one time thought that this would throiv light on the 
taxonomic relationships of the genus. Later research, however, 
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Has made it dear chat this is not so- As Muller (1940) puts it. 
''Evidently the species wander hack and forth bewcen one 
mctaphasc piemre and another* so that quite dosdy rekicd 
species may show very difiertne chromosomal pictures. Even 
such dose forms as D, i^iriUs and D. amerk^n^it difler in ^uch an 
important respect as whether the X is a V or a rod."' 

The chief processes at work in changing the metaphase picture 
aref (i) fusion or separation of whole arms—union of two rods 
to form a V or versa. This is more readily accomplished 
between autosomes tlian betwtsen the X and an autosomc, 
(a) The acquisition or loss of microdiromosonics (docs). This 
may occur comparatively readily because of certain technical 
reasons, whereas the formation or loss of a new chromosome of 
considerable dimensions would be impossible. (3) Marked 
change in the siae of a given arm. This is the least frequent of 
the three. All these changes ate likely to be much rarer than 
ordinary rearrangements, but not so rare as not to occur and 
become established with some freguenc)' when geological time 
is considered." 

Certain of the changes have consequential genetic effects. 
Thus when an X-rod becomes attached to a previously auto¬ 
somal rod the dos^c relations of the genes in the new X-system 
most undergo alteration* implying a modiEc3rio}i of the whole 
gcne-compIex. Incorporation of autosomal material in the Y 
will lead to its gradual genetic degptcrarion to the status of 
inert material. 

Recently Stone and Grifien (1:940) have experimentally altered 
the chromosome pattern in D, melmogaster by translocation. In 
one stocki the chromosome-number was reduced. The doE-like 
IVth chromosome was translocated (possibly apart &om a very 
residual portion) to the X-chromosome and thus became 
hemizygous in the male sex. Three different sub-typcjs have 
been pr^uced. In one. IV was crartsferred to one end of the 
resulting in a J-shaped chromosome, in another to its ocher aid, 
and in a third it was inserted into the body of the X. 

In another stock, an additional small duomosonic-pair was 
produced by an elaborate process, resulting in pact of the X- 
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chromosome now being represented in excess (sectional hyper- 
ploidy) as a new small autosome. 

These and other convemotis were all aE a disadvantage agdnst 
the normal as regards viability, but the disadvantage was not 
very great and Stone and Griffen anticipate that full viability 
may be fairly soon restored by selection for modifiers, mutadonal 
or recombinational. 

Other recent studies from the University of Texas arc of 
interest in throwing light on the various modes of sjjeciatioii 
in the genus. 

Patterson, Stone, and Griffen (19+0} have studied the fotms 
allocated to D. viri/ts. The species falls into two groups, (d) forw 
with led ptipac, pupating at the edge of the food, and with 
adults highly susceptible to ether, (fc) forms with grey pupae, 
pupating on the side of the container above the food, and with 
adults more resistant to ether. The "red*’ group includes tw'o 
subspecies, D, v. amerkona {regarded as a foil speocs by Spencer; 
see p. 358), and D. V. texanai the “gicy” group indudes but one 
subspecies, D. v. ifirilis, but this shows some dificrenriacion even 
vtrithin the U.S,A.. and its Asiatic form is also somewhat distinct. 
The species is rare and local in America, but abundant in eastern 
Asia. D, virilis is unusual in showing marked chromosomal 
differences between its subspecies. D. v. viVilh powesscs 5 rods 
and a dot as its haploid complement; in D. v. texma Nos. j 
and 4 orD. v. v/rilis arc fiiscd to form a V; and D. v, jmic nVuna 
has Nos- 2 and 3 and also X and 4 fused to fonn z Vs (in the 
female; in the male there is no ¥-4 fusion)- There arc also some 
inversions as between the different subspecies. But the main 
causes of isolation between the forms are sexual (behaviour) 
Isohdon, low viability of Fi eggs, and complit^d fertility 

relations. Thus in male hybrids between red and gepy forms, 
those containing a **icd" Y-chromosomc must also contain 2nd 
and jth chromosomes from the same parent strain if it is to be 
fertile. This rebrionship causes high sterihty in the subspecific 
crosses that go easily, namely with "red” males, whereas the 
reciprocal cross, though it can only be made with difficulty, is 
fertile. This applies only when "grey ' forms from northern 
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U.S.A. arc used; the south-wcstcni and Asiatic types will not 
cross at all with "red” forms« 

The net et!^ is that in some regions a certain amount of 
gene-transfer is likely to occur between the two subspecies, or, 
as we had better call them, scDiispcdcs. And this, as Sewall 
Wright has shown for ordinary subspecies (p. 229), will be 
beneficial in conferring greater plasticity in evolution, though 
the loss of productivity due to crossing will act as an immediate 
offset gainst this long-term advantage. A curious fact is the high 
degree of stcriUcy found in pure cultures of both “red” subspecies. 

The home of the species (or supraspedes) appears to be 
eastern Asia, and the forms of the “red” group we may con¬ 
jecture have dilfetentiated owing to “drift” in the sparse popu¬ 
lations found in less favourable areas. 

The case of D. mHileri and its relations (Patterson and Crow, 
1940) is equally interesting, but quite different. 

The group consists of D. mtdfm, with the two subspecies 
D. m. mtileri from Mexico and Texas and D, m. mcjfff/ensis, a 
pale desert form from the desert area of California, and D, 
aUrkht, also from Texas (but probably from Mexico as well), 
but with a rather more restricted distribution than D* m, muIlerL 

The muUeri-aUriehi pair arc very similar to the nteim<^anfr‘ 
simutmis pair, in resembling each other closely (there arc a few 
minor but diagnostic character-differences), and in overlapping 
considerably in their distribution. In both cases there is com¬ 
plete genetic isobdon between the members of the pairs in 
nature, but the isoladon has proceeded a smge further in the 
mulieri group, since the cross between the two can only be made 
one way. Ecobiotically there is more differentUdou, ddrichi 
taking considerably longer for its development than mulieri. 
A few Fi male hybrids (all hybrids are sterile) have been dis¬ 
covered in nature, showing rhai some reproduedve waste snll 
occurs. The gross chromosome-structure is similar and there are 
few if any large secdonal rearrangements. It would appear that 
dtc ancestor of D. aUrklri developed generic incompatibility 
with D, mulieri wlule isolated, that the incompadbility was due 
in the first insunce to the progressive accumuladou of gene- 
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TniitAtioiis (though it m^y hive been streugthetied kter by 
selection: see p. 287 ), and ch^ once present, it permitted atdrkhi 
to spread and to exist side by side with ini 4 /lcn. 

D* m. rmjaptnsts appears to be a tme gcographica] subspecies. 
The distributional centre of the spedes appears to be Mexico, 
and it is a warm-climate form unable to tolerate low winter 
temperatures. Its spread northwards into U+S.A. was thus restricted 
to the warm plains on either side of the Mexican-ttockics moun^ 
tain system, and the western group, reaching the Californian 
desert, there evolved into a markedly disdnet subspecies^ D. m. 
mojai^etisis. This shows several large sectional reairangcments 
which were able to establish themselves owing to isolarion: 
bur it still produces fertile oMspring with D. m. wiul/m, at least 
in one of the reciprocal crosses. 

Patterson and Crow compare the rmillm to the pseudoobscura 
group (D, pseuJoobscura A and B and D, wirdwda). In each case 
there arc three forms, one of which behaves as a good species 
while the other two arc best regarded as highly dii&rentiated 
subspecies^ There arc some differences. Thus the mirmd^-pseudo- 
obscufd cross b almost but not quite sterile. Further, the ranges 
o( pseud0obs0ird A and B overlap, and probably still exchange 
genes in nature; and the visible ccochmacic diffccenriation of 
D. ffl. mojavernis (pale colour) is not found in D. psetsdoabscura. 
The chief difference is in regard to sectional rearrangements, of 
whirh tlicrc are many between psettdi>obicur& A and B and still 
more between either of these and mirmida. This appears to be 
correlated in part with the abiindaiice of the ttfitlkti forms and 
the greater size of dick breediDg populations, Patterson and 
Crow suggest further that secdonal rearrangement in the muUm 
forms may be accompanied, as in D, by breakage 

effects, in the shape of visible and lethal pscudo^mutations. 
This would tend to keep rearrangements down to a miiiimuini. 
Such effects must be negligible or absent in the ps^udot>bscitm 
group* These examples iUustrate vividly the unexpected modes 
of taxonomic diflerentiadon to be found in insects* 

Interspecific grafting (Stubbe and Vogt, 194^) revealed 
that different Dro^opkih species differ both quantitatively and 
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qudicatively in regard lo the precursor substances involvcsd in 
cyc-colour diflcrctiuation. 

An interesting point for whidi no adequate explanation has 
yet been found is that, whereas ui most Drosophila species, many 
clear-cut characters with sharp dominance arc found, in D, 
oirilis most characters arc determined by multiple factors, often 
with incomplete dominance. It was a lucky chance that D. 
melottogaster and not this species was first chosen for genetic work. 

Muller is carefiil to point out that odter groups of animals 
(let alone plants} may have generic mechanisms wliich do not 
^vour the same kintk of evolutionary change as in Drosophila. 
We have already mentioned the fact diat having die polar bodies 
all in one line, while no crossing-over occurs in the male, permits 
Drosophila to accumulate intra-arm inversfons with comparative 
case. iTiis would not be the ease either where the polar bodies 
were not formed in line, or where, as in mammals, crossing- 
over occurs in both sexes. Where crossing-over is absent in 
certain regions, other types of inversions could easily become 
established. On the other hand, translocarions would be much 
more readily established in any animals whose chromosomes 
behaved like that of OenerliiTn and Datura^ 

The amount of inert material near the centromeres will also 
have its induence, an increase favouring the detachment or 
attachment of whole arms and vice ootsa. 

There is also evidence (Sbek, unpublished, cited in Muller, 
194,0) that polyploidy may occur in some animal groups, c,g, 
Hcmiptcra-Hctcroptcra. This will wholly alter the cvolutiouar)' 
possibilities of a group. 

In conclusion, Muller draws attention to dw fact that in closely- 
related well-analysed pairs of forms dillcrent characters may 
show' different degrees of divergence. Thus serological dif&r- 
cticcs, though usually agreeing with morphological ones, occa¬ 
sionally give quite al^rrant results—e.g. in regard to the rtJ.itioii- 
ships of D, hyiUi. Again, Drosophila simulans and 
arc the least alike of five pairs of closely related forms in regard 
to morphological characters, but msist alike in regard to sri- 
tional rearraiigcmcnts. In die same study it w'as found that 
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Drosophila uirilis aud ainerkana wcir least alike as regards meta- 
phase chromosome-picture, bm most alike in respect to their 
fertility on crossings It seems dear chat the dement of accident 
is considerable. On the other hand, while complete paralL 4 i$in 
in regard to divergence in dilTercnt characters is not to be found, 
evaluation of the average divergence of iiunieroiis characters of 
several different kinds does give a reasonable measure of the 
relationship between related types. 

Summing up^ we may say that speciadon in Dwoplnla appears 
to haviL been brought about mahily hy the accumulation of 
gene-mutations as a result of some sort of isolation. The isolation 
operative appears to have beeii mainly geographicaL Once in 
existence, it will favour the origin of sterility baniers, which 
in their turn will bodi permit and favour the increase of morpho¬ 
logical divergence. 

Certain types of sectional chromosomd rearrange ments arc 
also favoured by the genetic mechanism of the genus. Although 
these have played some pare in spedation, it appears to have 
been essentially a second^ one^ the consequence rather than 
the cause of primary divergence. 

On the other hand, the excent to which such fcarrangemeiiis 
have proceeded {often rendering it impossible to trace any 
resemblance between the salivaiy^ chromosomc^tructure of 
morphologically not very remote spcdcs) shows w hat a large 
number of such ditfeieaccs accumulate within even a somewhat 
uniform genus like Drosophila] while the known fact of theii 
rarity compared with gene-mutadon proves that the singlogcnc 
diflercnces between species must be enormously numerous. Gone 
is any notion of species in higher animals arising by a single 
mutadon, or even by a few steps. Even closely-related species 
will difler in scores, possibly hundreds of genes, and the longer 
they remain in existence the greater arc the number of genie 
and sectional dii&cenecs that arc likely to arise between them. 
Evolution consists in the accumulation and integradon of very 
numerous and mostly small genetic changes (p. 3 ^)- 

In Droiophtla as elsewhere, mode of life appears to modify 
evolurioti* Drosophila psen^looh^^tro is tnorc diftcrendated geo- 
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graphically (both as regards srcriiiry-baniers and sectional re¬ 
arrangements] than most species of the gpms, which is almost 
certainly ro be ascribed to greater isolation between its local 
groups (see pp. 6o, 6i). In the production of its "raocs" A and B* 
isolation appears to have been the first step, gemcally-detentiitied 
sterility the second, and secdonil rearrangements the final step in 
evolutionary divei^cnce. 

Even in DrosopAr/d, where the species originally seemed excep¬ 
tionally well delimited, careful analysis has revealed the existence 
of all grades in spedation, both as regards geographical sub- 
spcdation and the formation of sterility buriers. 

Ali its species so far investigated carry Jarge numbers of recessive 
mutants in nature, and are thus provided with an adequate 
reservoir of variability for future adaptive change and possible 
further spedadoD. 

It scerm probable chat speeiation in most large genera of higher 
animals is essentially similar to that in Drosophila^ though with 
minor differences cotmecccd with consequential dScct^ of their 
chromosomal mechanism and mode of life. 

^ M 

The genus Crepis ^wkweeds) has differentiated in an entirely 
different manner (sec the monograph by Babcock and StebbifiSp 
1938; also Stebbins, 1940; JmkinSp 1939). Here various repro¬ 
ductive peculiarities are at work wlikb are available only in 
higher plantSt and we are given a very interesting picture of the 
varying roles of selection, euviroiimcnt, and polyploidy in a 
facultatively apomiede plant genus belonging to one of the most 
advanced groups, the Compositac. 

The old-world species of Crepis have basic haploid chromo¬ 
some-numbers ranging &om 3 to 7, together with polyploid 
forms. Two of the American forms belong to tMs group, with 
X = 7, one a circumpolar form found also in the old worldp 
C. fiatta, the other a cIosely*reIated typCp C. ek^finjp which 
appears to have diverged from C. nana in America, and to have 
become “adapted to less extreme climatic conditions. 

AH the other American forms have the basic chromosome- 
number X = 11. There are seven distinct diploid forms (an = ai) 
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together with a brge ninnber of polyploidSp all apomicdc (though 
often with slight facviltative sexud rcproductioii), with diploid 
chromosomc-numbci:s raging from 33 to SSi 44 being the 
commonesL In addition, a few anciipIoidl$ are found with 
chrornosome-nuinbcrs differing by 1 or at most z ftom a cupoly- 
ploid number. 

The evolution of this group of forms is deduced to have becti 
as follows* The original ancestors were produced by hybridi¬ 
zation between 4-chromosomc and 7-chromosome old-world 
types in the Sibeiian portion of the land-bridg?e which once 
oisted between Siberia and Alaska* This can be deduced from 
the resemblance of the American forms to old-world spedes 
with these chromosome-numbers* The hybrids underwent 
chromosomenJoubluig to become fertile allopolyploids widi 
in = 22 chromosomes. They did not spread westwards into the 
old world, partly because they were there confronted with the 
compedrion of die original and already establisbed types, while 
the area to the eastward bad not yet been occupied by Crypts i 
and partly because tlie prevailing winds arc westerly, and riik, 
in forms like Crepri with air-bomc frmts, would encourage 
easterly spread. 

From a consideration of the morphological divergence of the 
various American 22 <hrom 050 me species from old-world speaes 
and from their present climatic and geolopcal ranges, k cm 
further be deduced that different species were evolved at diflerent 
dmes—^thc two earliest during the Miocene, the next set (two 
species) in the early Pliocene, the last (four species) in late Pliocene 
or early Pleistoctne times. 

These eight fertile spedes* though allopolyploids in orij^. 
have acted functionally as the diploid basis for later polyploidy, 
in America. We can call them the Arnericaii diploids* They 
seem first to have become spcdaltzcd to particular climatic con¬ 
ditions, and the ranges of the earlier species were much restricted 
by the climatic changes that followed. 

As regards their bier history, those forms fall into two groups. 
The first consists of a single spcci-fs* C. rurtfifioffi* This is the only 
American Cr^pis adapted to moist strcam-lxuik habitats^ It thus 
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triuis to toUow valleys rather than mountain ranges. Accordingly 
it has spread more widely to the east of the Rockiesp where the 
drainage basins arc more continuens. Abo. being ecologically 
isolated from the other species with their preference for more 
arid habitats, it has not hybridised with them to form allo¬ 
polyploids. Instead, it has diiferendated to form a polytypic 
species or Rass^nhreh, with well-marked geographical subspecies 
in certain rtgionSp and considerable variability In othets. For 
some as yet nuotplaincd reason, it has not produced any auto- 
polyploid varieties. 

AU the other diploids appear to have hybridised to form 
allopolyploids, sometimes with chree or more componentSp and 
in addition also to have produced antopolyploids. In some eases, 
diploid geographical subspecies have aho been difFcren dated. All 
the polyploid forms arc apomictic, some entirely, others prepon¬ 
derantly so. The ancestry of the polyploids can in gencr^ be in-- 
ferred by the degree of their resemblance to the various diploids. 

The formation of allopolyploid apomicts is favour^ by 
climadc and physiographic changes^ which bring originally 
separate species into contact Once in existence, Koweverp the 
apomicts have less evoludonary plasticity, on account of their 
total or considerable lack of recombination. Thus it is highly 
probable that the intense environmental changes during the 
glacial period will have encouraged the forniarion of many new 
apomicts p while causing the extinction of the majority of those 
produced in earlier perifxU, 

The effect has been to produce what Babcock and Stebbins 
call a largely agamic polyphid comptexf in -which all the original 
and qualitatively dif^rentiated diploid types arc connected by 
an enormous array of intergrading forms. These didcr from the 
original diploids either in purely quantitative ways {c.g. effect 
of polyploidy on size), or by combining their characteristics.. 
The divergent evolution of the group, which had given rise to 
the ecologically specialized and morphologically distinct diploids, 
came practically to a standstill, to be replaced by ^igas pheno- 
tnena, recombination of characters, and the segregation of 
innumerable aponiict “nucrospecies”. 
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The number of apomict types is very largp neat the main 
centres of distribiidon, but much reduced in outlying areas. 
New types arc doubtless being constandy produced near the 
distribution centres, and are still in process of being *"tried out , 
so dmt many of them are likely to disappear. The oudying 
forms are diose which have survivccl and spread after carHcr 
origin^ and therefore tend to have larger areas of distribution. 

The production of polyploids has undoubtedly enlarged the 
range of the group as a whote, while the ranges of the original 
diploids have in general been reduced by competicion with 
closely similar polyploids equipped with greater vigour. 

Balicock and Stebbins also discuss the taxonomic treatment 
of the group* They come to the concliision that^ while any 
such agamic complex is in reality of a wholly different nature 
from a group of non-interbreeding true spedes, yet for praedcal 
reasons it is best to continue to employ the classical nomen¬ 
clature. They accordingly recognize a series of spedes , each 
corresponding to each of the original diploid groups together 
with its geographical subspecies and its autopolyploid derivatives^ 
and attach to each such species those apomicts which show a 
preponderant resemblance to its diploid form* The Latin names 
of the apomicts, however, arc not rcg:ardcd as forming part of 
the nonicnclaiure subject to the mtcmational rules: following 
Turcsson, they are preceded by the abbreviation for J&rma 
apcmictica. In addition, two other species are rccogtitzcd, con¬ 
sisting wholly of apomicts which are of such complex origin as 
not to be attachable clt^y to any diploid type. 

This procedure is purely pragmatic and ardfidaL and, as 
subsidiary terminology is evolved^ may perhaps be supersede {see 
also TurrQl, for Turo-TerHifi). 

One or two special points may be noted* In the American 
agamic complex of Crepis, the pure autopolyploids are much 
less widespread than the partially or wbohy aUo|fflIyploid types, 
conirary to the general rule in plants {sec MuntzEngi 
and their range as compared with that of the diploids is not 
nearly as great as in such genera as Tradcsfdnn'fl or GaifiViiK. This 
is to be ascribed lo an ecological reason^—namely the preference 
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of Crqtis for arid habitats. The greater vigour of most auto- 
polyploids might thus cause the plants to demand more water 
that! is nOTinally available, whik the frequent prolongation of 
their flowering would, in regions of summer drought, also often 
be a disadvanKige, Thus in Ctepis the chief advantage of poly” 
ploidy has come fioin allopolyploidyt which provides new 
combinarions of characters, permitting dicir ovwicrs to invade 
new habitats. 

[n general Babcock and Stebbins regard the production of 
numerous polyploid forms as an evolutionary short cut by which 
a genus may adapt itself more rapidly than by gene-mutation 
and recomhination to a rapidly changing cnviconmcm. On the 
other hand, in die long run, both polyploidy and apomixis 
constitute a barrier to the more important evolutionary process 
of divergent specialization, the former because the duplication 
of geno-pairs makes it more difficult for recessive diaractcrs to 
come into action, the bttcr because sexual recombination is 
impossible. 

Furthermore, the immediate plasdcity conferred by allopoly¬ 
ploidy will only continne so long as the sexually reproducing 
forms of a complex condmic to be present and to cross. Thus 
in western America, where Antonmfia exists bi a polyploid 
romp W still contaitittig sexual as well as apomictic polyploid 
forms, it is an aggressive and dominant form. In Newfoundlatid, 
on the other hand, the genus is rcpiesctitcd only by obligatory 
apomicts. These arc all relict forms, not at ail aggressive, and 
often very localized in their distribution (Fcmald. 1933 }- Even¬ 
tually, groups of apomicts separated from their sexual ancestors 
will be doomed to extinction as they can no longer meet changing 
conditions. 

One cflcct of polyploidy is to spread the polyploids at the 
expense of the diploids. Thus, while the bringing together of 
diploids by climatic change will encourage an outburst of allo¬ 
polyploid loniis, die very success of die polyploids will, if con¬ 
ditions later become stabilized, gradually rcmovc the conditions 
in which the condnuance of their new formation is possible. 

Babcock and Stebbins consider, first, that the present liigh 
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incidcticc of polyploidy in higher pLmi^ is ^ consequence of the 
extremely large and rapid climatic change of the Pleiscocmc 
and Recent periods, which have not only promoted allopoly¬ 
ploidy by bzinging diploids together, but have enhanced the 
evolndonaiy value of pol^^loidy as a short cut to meet rapidly 
changing conditions. Sccondlyp that the prevaJence of aponuxb 
in such groups as Gramincac, Rosoccaep and Compodtae is not 
due fo any peculiarity of their gcrni-plasnij but to the fact that 
they happen to be groups which in geologically recent dmes 
were rapidly evolving in such a way as to produce numerous 
young and vigorous agamic complexes.* And thirdly^ that all 
such agamic complexes arc desdned cveutuaUy to decay mini 
they arc extinct or arc represented by a few relic types only* 
whik new agamic cotuplexes may be formed later by those 
groups which are at die right evoludonary stage when the next 
rapid change of climatic conditions takes place. 

In a later paper Stebbins (i94oii) discusses the taxonomy of 
some forms related to Crepis in die tribe Cichorieae:, notably the 
somewhat primitive genera Soros^ris^ DtibyM, arid Pratmthes. 

Both the first t\\'0 appear to have an ^ i6 as dicii diploid 
chromosome-number, though one probable tetiaploid is known« 
Apparently in primitive members of the tribe^ quite large changes 
in general structure and macroscopic characters are accompanied 
by comparatively slight changes in chiomosomd morphology 
and structure^ while the reverse is usually the case in the more 
specialized forms. Dubyae^i probably dates from the Cretaceous 
and later became restricted to a “refuge” in the Sino-Himalayan 
area* having been exterminated elsewhere in competition with 
its mote aggressive dcscaidants. This confirms Matthe^v s view 
(1915) that primitive types tend to be preserved near the margins 
of the range of a group. 

One section of the genus appear to have g^ven rise to Prv^iantbes 
(probably as far back as the early Tertiary), Lactara, HkTadum 
and Crepis itself must also have been derived from 

* The tlut Crepis rwru'uuifd to ia ecoJogical pcmliaritici, 

cicaped from ibe agamic complex aiid undjerj^iic a more Rotinii ty^ of fivoiu- 
dun,- U aiKithcr proof of Ebl« 
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Dubyaea, but probably from a section now octinct, and perhaps 
polyphylcocally. It also is restricted to the Sino-Himalayan wa. 
It appears to have originated in Tibet, at a time of desiccation, 
presumably in the later Middle Tertiary, During the Pleistocene, 
glaciation isolated various groups, thus providing the basis for 
the dificicndarion of the numerous closely related species and 
now found in the genus. It is interesting to fmd how 
different the mode of evolution lias been in these primitive 
genera from that in Crepu. 

The state of affairs in Crrph may be briefly contrasted with 
that in Tulipa, recendy monographed by A. D- Hall (]94<)). 
In diis genus diere appears to have been considerable diver¬ 
gence, not associated with polyploidy, into a number of main 
sections. Widun the sections, however, autopolyploidy has been 
frequent, giving 3n, 4n and occasional 50 forms, die anisoploids 
showing vegetarive reproduction. In some types, tctraploids have 
ori^ated separately in different parts of the range, giving forms 
which show slight quantitative differences as well as siae-dificr- 
enccs associated with the chromosome-doubling. In some types 
there is considerable geographical differcntiarioni, giving rise to 
forms which zoologists would certainly recognize as subspecies. 
There is no evidence of allopolyploidy or reticulate evolution. 
In the garden tulips polyploidy is unknovm, apparently owing 
to dicir large chromewomes {Darlington, i 937 i P- ® 4 )- 

Similarly, the state of al&irs in Drosophila may be profitably 
contrasted with that in the bird genus Zoaotnehia, one of the New 
World finches or “sparrows (see Chapman, 19406}. U comprises 
only five species. Four are North American, one confined {in the 
btteding season) to a central region of northern Canada, another 
to western and southern Alaska and neighbouring islands. A 
third {Z. flIAicoJiir) is essentially an eastern spodcs, breeding as 
far south as Wisconsin and Pennsylvania, but reaching almost 
to the Arctic and the Pacific oceans in the N.W. None of these 
three species, not even the last-named with its large range, shows 
any subspcciadon. The fiiurth, however, with a larger (and 
rather more westerly) range, from Greenland and the St. 
Lawrence to the Pacific, and from the notthem tice-hniit 
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to soudicm has diH^^diccd into 4 well-marked 

Finally Z. capensiSt a Central and South American fornu boa$ts 
no fewer than 22 subspecies* Chapman considers that it was the 
southernmost representative of this originally northern genus^ 
was forced southwards across Central America by the onset of 
gladaj conditions, and then continued to spread wherever the 
climate was cool enough^ undl finally it colonized aU suitable 
habitats in South America, down to Cape Hom* Its dbtribudon 
now covers 4,000 miles from N. to S., 3,000 miles from E. to 
W*, and 15,000 feet of aMtude^ mudi larger range than that 
of any other member of the genus. 

Once it reached South America* its further spread must have 
been due not to chmacic influences, bur solely to natural increase, 
which appears to have been rapid in the new territory thus 
made available to a hardy form di&rentiated in the more rigorous 
conditions of the northern hcmisphcie* 

The original migration through Central America must have 
been at sea level, but with the post-glacial aincUoration of climate 
it moved up to higher altituds^ thus becoming restricted to 
discontinuous upland areas in various more tropical parts of its 
range- There are two exceptions: certain groups early colouiaed 
some islands on the Pacific coast of Central America and others 
off the north coast of South America* and thus could not move 
to higher altitudes when the dimate grew warmer. The forms 
on the South American islands overbp with those of the adjacent 
mamiand in character, hut are palet^ and distinct enough to 
merit subspcdfic naming; but the Central American insular 
populations show no visible distinctions from the neighbouring 
mainlan d foims, though separated from them by a minimum 
of 2,500 fret of dritude. It would, howCTtr^ be of great interest 
to sec whether they show speda! physiological adaptations to 
the untisual climate of their enforced habitat. 

Some further points of interest are as follows* AU forms of 
the spedcs appear to be residents, eiccept for the southernmost 
subspecies, which is definitely migratory. Here is a good ejcample 
of local adaptation^ which must be of recent origin* since this 
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subspecies must dearly have been tlic Ust to differemiatc. It also 
possesses the longest and die most pointed wing of any of die 
subspecies. Though dm must iu part be regarded as adaptive. 
Chapman points out diat it is in part the culniinadon of a dine 
in wing-'SiBC, which increases mote or less steadily southwards 
through the contitient, and is prcsuinably a “correbted character*’, 
non-adaprivc per se. Adaptive change would here have been 
superposed on iion-adaptive in the migratory subspedes. 

There is also a general N.-S, intcrgroupsiatMrlinc within South 
America, but there arc exeepdons to it, and there is considerable 
independence in the variation of the size of different parts. The 
diilerent subspecies show a good deal of geographical variation 
ill song. 

All uitercstitlg barrier b found at one spot in the mountainous 
interior of Venezuela. Here isolation lias allowed a subspedes 
to difTcrciitiate from the main Venezuelan form; but the table¬ 
land at die summit of Mt, Roraiiua is separated from the area 
below by a 1,400-ft. vertical diff, and this in turn lias permitted 
the summit population to difiercntiitc into a darker ftiriii just 
distinct enough for subspecific recognition. 

Acddcntal "drift” in isolated populations has also dearly 
contributed to differentiation. One curious feature is that, whereas 
all the North American specks have some ycUow on the bend of 
die wing, this is present in only four of die subspecies of copcftsi's 
—one form from the Antilles, and three adjacent subspecies from 
the centre of die east coast of the continent. In the central of 
these latter the yellow is all but universal, but in the subspecies 
to N. and S. it is sporadic, and m one of diem only bint. In die 
disEaiit Andllcs race it is universal but faint. Here, as Chapman 
poinrs out, we appear to have die partial resuscitattoii (or less 
probably the preservation) of an original generic diaracta whidi 
has been lost in ihc main body of the species. 

In thb gpnus, differentiation dins seems to have been brought 
about via geograpliical bobtion followed by adaptive and 
accidental dura^r-divcrgcncc. Wo have the somewhat puzzling 
fact of the absence of subspedation in one wide-ranging Nortli 
American form, a moderate degree in another, and a high dcgcce 
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in the one South Aincrican spedes. This last fact is probably due 
to the very large range of habitats thrown open to the species 
once it had been pushed through the Central ATncrican bottleneck 
by the onset of a gladal climate* Zomtnehia shows no obvious 
trace of the genetic isoktiou to be seen in DT&s^phih\ and though 
genetic analysis (if it were possible) might possibly reveal that it 
had occurred, it cannot well have played more than a very 
minor cole in this gsius. 

As a parallel illustration from plants, of the principle that 
differentiation may vary considerably with local conditions (sec 
also the ease of Crep£5)* we may take the pcouiap Paeonia (Barber, 
1541). The pre-glacial species appear to have been diploids. In 
Europe and the Caucasus^ the majority of modem species arc 
tetraploids, hut m China and Japan there are only a few tetra- 
ploids^ The reason appears to be as follows. In the former area, 
the diploids were for geographical reasons unable to retreat far 
to the south before the advance of the ice, and they were exter¬ 
minated except in a few "refuges"- Any tetraploids which arose 
then had a field almost free of competition, in addition to any 
advantages due to extra hardiness (p. 337). In the Far East, 
however, the original diploids simply retreated southwards before 
the ice, and advanced again in mass on its retreat,* so that there 
was much greater competitor-pressure against any letrapbid 
forms (cf, the case of Crepis, 373), Finally in CaUfomia, for 
reasons unknown, structural hybrids of the Oaiathera type, based 
on segmental interchange and balanced iethals (pp. po. 329) are 
found. 

Postscript^Smcc first printing E, Mayr has published his valuable 
Sysuuiaifcs md itte Origin of Spetks {New York \ 94 z)- Rcicrcncc 
must be made to his important conclusion that, in higher animals 
at least, with the exception of "biologicar" differentiation (my p- 
29^)p the only factor permitting group divergence is geographical 
isolation; neither ecological nor generic isolation is ever primary, 
I am bound to say that Mayr has convinced me on tliis point, 

* A sirniiir ictreaE and advance vm posiibk for the prc^ladil fomti 
m Nfirth America* bur not in Eunopc, Icajclinig do a great impovcmhmcTit a£ 
the EuTDpfiui fdfr^F tree flora » compared with that of the U-S.A, 
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j. DrflcrriJt typci ef ipcrbfkan md Acir T^sulrs . . 

1, Spwki^iKTiiatiprt and cvolndfin 

j, Modn of sfifriaticiii and Tyitcinatir mcthfid ^ 


I. pil-‘EERrJ^ TYPES OF SPEaATlOH AND TltHR RESULTS 

So far, wc have been comidcring tlie diflcrcjit mctliocU by 
which specks may originate. It should be rciiiCuibcriKl that the 
type of origin may have effects upon the subsequent type of 
variation shown by the species. Thus in vegctatively reproducing 
polyploids, variation will be much restricted since no recom¬ 
bination of mutations can occur. In parthcnogcnetkally repro¬ 
ducing allopolyploids, on the odicr hand, crossing-over may 
give rise to purc-breeding segregOTts {p. 334 )* 
expect a number of sharply defined but closely related pore- 
breeding types. In baUnccd-icthal hetcrozygote species, crossing- 
over will also operate (o pvc large apprent mutations. Scxually- 
Ecproducing polyploids will show a diflfcrent type of variarion 
from diploids, since each gene will be icptcscnted in four or 
more identical or closely amilar forms instead of two. This 
will give a greater supply of similar mutations and thus a greater 
evolutionary flexibility, liut less opportunity for single mutations 
to exert any considerable cflcct. Darlington (i 933 )i looking at 
the matter from the comparative, not die evolutionary, point 
of view, distinguishes six kinds of specks according to their 
^netic-reprodiictivc mechanism; (t) the habitually self-fertilized 
diploid; (2) the habitually cross-fertilized diploid; (3) the sexually- 
reproducing fertile polyploid; (4) the-mixed speics containing 
both diploid and polyploid forms; {5) the complcx-hetcrozygotc 
species (balanced lethal typ), as in Onwtlfera; (6) the clonal 
spcics not reproducing sexually at all. This last category could 
be divided furthec into the pardicnogenctic forms showLng 
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2scxLu] segrcgadon^ and die rest which do not. To tlu5 list we 
may add (7) die subsexud spcdes like Rasa canitm (p^ 55j}» 
and (8) those animals such as Hymenoptera (and certain beetles; 
A. C. Scott, 195^) with diploid females but haploid xnalc$. Sdll 
further types might be added, e.g. those with dose Unkage 
promoting polymorphism (p. 99). Darhngtoii condudes his 
paper: “Genetics leaves no doubt that each of these types will 
have certain chaiacterisdc properties of variadoii. It is for the 
taxonomist, armed with the cytological informadotit to find 
out what these are.” 

Apart from this, selection may be expected to act in quite 
different ways and with quite different intensities according to 
the method of spedadon. Out analysb has enabled us to dis¬ 
tinguish in principle between the causes of thdr isolation and 
those of their divergence—between the factors making for 
isolation between groups within an original single spedes, and 
those making for difieretioc in the structural and functional 
characters separating new species from their parents ot nearest 
relatives.* Groups separated by geographical isobtion are origin¬ 
ally species only in posse. Their separation into good spedts is 
a subsequent proces, accompanying the process of character- 
divcrgcTice. This divergence is normally slow^ but occasionally^ 
as on oceanic islands and other places where the intensity of 
selection is relaxed, k may be much more rapid and more 
extensive than usual. 

Elsewhere, as apparently in the case of Drosophila simulms 
and D* melmcgas^j the isobtion is of such a nature that the 
two group must be regarded as separate species even when 
still almost indistinguishahle in any characters save those which 
isolate them* Indeed it is conceivable that in such spdes, character- 
divergence may not subsequently occur: in Drosopbiia simulans 
it has at least been minimaL At the opposite extreme are those 
cases in which the factor indudng isobtion simultaneously pro¬ 
duces character-difference, of an order which will—or at least 
may—be accepted as of specific magnitude by the systcniatist. 

* PlaK^i diapter on iioladcn 11 jdil v«ry wtU worth in xhii 

coDAettian. 
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This b so in loumjauiii^ and most cases of convergcm 

and redeniate species-formation. Further character-divergence 
may, of course, occur latcr^ as with trirabu (p. 341), 

but this is urelcvant to our argument. 

From the sundpoint of the mode of action of natural selection^ 
sped^ wilJ then fall into two contrasted categories. On the one 
hand, we have chose in wliich natural selection can have had 
nothing to do with the evolution of the basic spcdfic characters^ 
but merely acts upon the spedcs as giveup in compeddon with its 
relatives. These include all species in which character-divergence 
is abrupt and initi^. On the ocher hand, w'c have those forms 
in which chaiacter-modificadon is gradual Here natural selection 
may, and on both deduedve and inductive grounds often docs, 
play a part in producing the characters of the spedes (and by 
characters wCp of course, mean nor only those which are employed 
by the systematistp but all those which do in point of fact dis¬ 
tinguish it from its neatest relarivcs)- These include not only all 
forms in which the separation of groups occurs by geographical, 
physiologica], or ecolo^cal isolation, but abo tiiosc in which 
the initial separation is genetic but involves no visible diffcrcii- 
tiation. 

From the point of view of the intensity of selection, the 
successional evolution of spedes will, ex kypcihtsi^ be directed 
by selection wherever the trend of evolution is towards some 
adaptive spedali^tion [p, 494). Thai it is dear timt groups 
scparaicd ecologically will be exposed to a considerable intensiy 
of selection to aidapt thein fully to their diffcretic modes of life 
When they overlap spatially with dosely-rebted groups, scJcc- 
tion may also be expected to act upon them to produce barriers 
to mating (p, 2S7), This latter mode of selection will not operate 
in rfw case of geographically separated groups, but selection 
towards divergent general adaptation will cN:cur if the environ¬ 
mental conditions in the two areas arc diUcrent. When, howeverp 
the two areas are sijnilar in the environuicnt they provide, there 
will be reduced scope for seicctioni and if divergence ocemsj it 
will be primarily of an accidental and often of a biologically 
non-signiBcant nature. Thi--. will also apply to spedes which 
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overlap £padaJly^ but owe tbek origin to a gcnedcal mode of 
separation whidi does not ^use visible difiereudation, such 
as bige inversions or asexiu! segFcgations: in the former 
casc^ however, selecdoa should operate, as with overlapping 
ecologically divergent specks, to produce barriers to inter¬ 
breeding. 

Wc may pccsetit the chief fe$ults of the two previous chapters 
in ubiilai form (sec p. 386). 

In the first column wc distinguish between die four major 
types of spdes-formadon—succcssionaJ transformatifflj, diver¬ 
gence, convergence as a consequence of spcdesH^xossiiigp and 
redcidatc evofudon. 

In die second column wc disdiigukti the main factors leading 
to the separadon of two species. In successional transforjiiadon, 
time is the factor at work. In geographical, ccologicalp and 
physiological divergence there is always some topographical 
isolation. Wo may call this type of separadon spadal^ eontrashng 
it both with die temporal and the genetic; but the scale of die 
spada] factor is different in the three sub-types. If wc preferreJ, 
we could equally well call it cnviromncntal, since it is conecnic J 
with something outside the organism, in contrast with coiisritu- 
donal separation, depending on genetic factors. 

Geneck separation operates in the remainder of the divergent 
and in all the convergent types. 

In the third column we note whether the actual formadon 
of specks, regarded as distinctive or intcrsteiilc groups* h gradual 
or abrupt; and in the fourth wc consider tlic same distinction 
with regard to their visible difTcrentiation. It should be noted 
that the two do not always run parallel, fii column 4* the phrase 
rmViuffy abmpi means that some visible diflctcnce occurs widi 
the first abrupt origui of the specks, but that further gradual 
divergence may supervene later. 

Finally, in the last column wc consider the actual barriers to 
fertility, including under these barrkrs to cross-mating between 
the pairs of species. Cotu^qumthi implies chat tlicsc banders am* 
in some St ay (p. 359; Mu Her, 1940), ihc consequence oi'thc dilfcr- 
enccs tliat have gradually arisen between the two species. InifiijJ 

N 
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implies tbit the new spedes « automatically, by its genc^ 
constitution, unable to cross with its nearest relatives, or that 
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the offipring of such a cross are cither infertile or of reduced 
fertility. Selective implies that sdectioti will operate to cred 
special banicis to cross-matitig or cross-fertility. 












































SPECIATION* EVOLUTIONp AND TAXONOMY 3^7 


2. SPEdES-FORMATlON AND EVOLUTION 

Since die origin of species has occupittl the centre of the biolo¬ 
gical stAge since the time of Linnaeus, it is to this problem that 
we have devoted the bulk of the two previous chapters. One point 
at least emerges clearly: if Darwin were vmdng tchda^j^ he would 
call bis great book The Origins, not The Origin, of Spedes. 

But we may conclude by looking at the matter from a still 
broader point of view, in the perspective of evolution in general. 
Evolurioji may be regarded as the process by which the udlisiia- 
don of the earths resources by hving matter is rendered pro¬ 
gressively more efficient. Eatly in the process, living matter 
became organized into ccUsp evolved a particulate hereditary 
censcitutjon arranged in chromosomes, and developed the sexual 
process^ The reason why the sexual process (which in its incepdon 
was not eomiectcd in any way with reptodoction) occurs in the 
great majority of anim^ and plant types alike« is that it con¬ 
fers a greater potendal variability on its possessorsi and there¬ 
fore a greater plasticity in evolution. It docs this by being 
able to combine mutations which have occurred in diBcrent 
strains, and which in an asexual form would have to remain 
separate. 

The exploitation of die earth's natural resources progressed 
in twocompkmcuury ways—by improvements in basic mechan¬ 
isms of exploitation, and by adapting a given basic niechanism 
to every possible kind of environment. We shall discus the 
former more in detail in our chapter on Evolutionary Progress i 
here we may give as illustrative examples the colonisation of 
the land by plants, and the evolution of considerable siac and of 
rapid locomotion by means of limbs in animals. 

We then come to the second method. The green plant exploits 
light and air and water in every conceivable habitat, appearing 
here as floating diatoms in the surface layer of the sea, there a$ 
giant forest trees, here as prairie grasses, there as duckweed in a 
pond- Again, in animals the fish type exists in the deep sea, in 
its surface layers* on sandy and rocky shores, in rivers* in lakes, 
in caves. There is operative a selection-pressure forcing life to 
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occupy every gwgtaphical area and every ecological niche 
within each area, (ie also Chapter 8), 

Now it is clear that, living matter being what it is, mete 
diffcrctice will quite soon make breeding impossible between 
diverging groups, Chtomosomes will not pair at meiosts unless 
reasonably similar, and unless they pak at meiosis, sexual repro¬ 
duction cannot occur; and sec p. J59. With stiU further divergence, 
the two sets of chromosomes arc unable to combine in the 
work of building op a new organism: hardly any case is known 
of ofisprmg tesuldng from a cross wider than inttrgencric.* 
Living matter thus inevitably becomes broken up into a large 
number of non-interbreeding groups, the majority of which 
coincide with taxonomic species. 

On the other hand, there would seem to be no a priori reason 
why a single species should not range over a very wide geo¬ 
graphical area, varying somewhat from region to region, but 
with all such varieties forming, actually or potentially, part of 
one mterfertilc group, nor any a prim reason why more than 
one species of die same family or genus should occur in the 
same ecological habitat. 

However, we find that in neither case is our expectation 
justified; very large numbers of species occur for whose existence 
there seems at fiist sight no reason or meaning. On looking 
fiirtber into the matter, we sec that this depends on two sets of 
facts, one connected with the reladon of die organisms with 
their environment, the other with their genedc basis. The 
environment is subjected to change^ which create barriers 
between one region and another, and thus isolate groups belong¬ 
ing originally to the same species. A.nd complete isolation permits 
difiercnccs, both of an adaptive and of a chance non-udlitarian 
character, to accumulate relatively fast in the two groups, until 
in many cases they become new spedes. 

Then the chromosomal basis of heredity is subject to accidents, 
such as invcision, segmental interchange, hybridity, and poly- 

* Dr. W. B. Tumll bi a l^ner Uatei that tbe widtrst cnit$ br kngw» ii between 
the nnbs Cyptnu datiiUuf and jtAfncAflfpara (iipiifBtitii, whiefa an placed in 
diffntfli Hib-iainilks of tbe Cyperaeeae, TIie hybnd is mtueiy atmk- 
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ploidy^ whicli soojicc or later will reduce or abolish fertile 
mating between the new and the old type- In this way large 
numbers of new spcck$ esseudally similar to those from which 
they arose arc brought into being, and the new and the old 
come to compete wiA each other in idcndcal or (often as die 
result of subsequent migration) in ovcrbppiiig habitats- 

The formabon of many geographk^y isobced and most 
genetically isobted species is thus without any bearing upon 
the main processes of evolution. These kttcft as we shall sec in 
later chapters^ consisE in the development of new types endowed 
with mechanisms of higher all-^ound biological efficiency; In 
the adaptive radiation of these types to take advantage of all 
available types of environment Mid modes of life; in the coionbe^ 
ing of new regions of the globc^s surface; in the tapping of 
new tesonrccs for exploitation; and in a more rapid turnover 
of the rcsoura^ tapped. 

These major processes in cvoludon thus consist essentially in 
a gteater extension of li&*s activitks into new areas and into 
new substances; in a greater intensiry of exploitation; and in 
a progressive increase of life's control over and independence 
of the environment- Superimposed upon these processes^ and 
having little or no beai^g upon them, are the processes of 
species^formation we have just described which are the conse¬ 
quences of accidents in the environment or in the genetic 
machinery of life* Much of the minor systematic diversity to 
be observed in nature is intlevant to the main course of evolu¬ 
tion, a mere frill of variety superimposed upon its broad pattern* 
We may thus say that^ while it is inevitable that life should be 
divided up into species^ and that the broad processes of evolution 
should operate with species as units of organiration» the number 
thus necessitated is far less dun the number wliich actually exist. 
Spedes-formadon constitutes one aspect of evolution; but a 
large fraction of it is in a sense an acddetit* a biological luxury^ 
without bearing upon the major and continuing trends of thc 
cvoludonary process. 
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3. MOPES or SPECIATION AND SYSTEMATIC METHOD 

Having now discussed modem work dealing with the different 
modes of spcciadoD, we must now consider its bearings upon 
taxonomy and syitemanc method. Histoiicalty, we may dis¬ 
tinguish three main phases in the history of mt^m taxonomy, 
each with a different principle serving as its main philosophic 
basis (see Turrill, 1936; Giimour, 1937), In the first or Linnaean 
period, the underlying principle was the separate creadon of 
species. In the second or Darmnian phase, it was the doctrine 
of descent with modificadon. And in the third, the Mcndcliaa 
period upon which we are now entering, it is selecdon based on 
the cyto^nede theory of particulate inheritance and mutadon. 

Let us amplify these poiuts a little fiirthcr. Linnaeus, in the 
latter part of his career, was a firm upholder of the immutabUity 
of species: “Species tot sunt, ijuot foimac ab initio cicatae sunt.“ 
This doctrine of the fixity of species was in one aspect the 
radonaliaadon. or at least the le&cdon, of the practical need 
for idend^g plants for medicinal purposes {sec p. 263). Once 
accepted, it lent itself to the furtherance of easy identification. 

If species are immutable and distinct eu tides, the chief aim 
of systematics becomes chat of distinguishing between them. 
This naturally led to the codification of artificial “laws" and 
“systems", of which that of Linnaeus for higher plants is the 
classical example. This was really no more than a key to the 
identification of larger entities, based on arbitrary and for the 
most part biologically almost non-significant fcatures such as the 
number of stamens and pistils.* 

The artificiality of such unnatural systems was in part corrected 
by an instinctive logic which led man to search for a basis of 
classification that should rake into account both the number of 
the points of resemblance between groups, and the intrinsic 
importance of the points of resemblance chosen as diagnostic. 
We can accordingly trace the abandonment of purely arrifidal 
systems for those based on general likeness. Still later, as it was 

* On kmet tuoaotnie kveli. flidi u ihe geani: ud specific, Limacui's 
eammon-sense wrf iwtura] uauitMwi led him lo icmaikablr modEfii gfoupings. 
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realized iliat superficial rescmbl^cc (as berween a porpoise and 
a true fish) may mask basic diffcrcucc, we may see the substitupon 
of likeness in fundamental structural plan as chief criterion, m 
place of mere superfieb] likeness* Pre-Darwinian ninetcenrh- 
century classification* as practised by Goethe, Cuvier, Oken, 
Owen, T. H* Huxley^ etc., worked on this assuniption. 

But although this method, at least for larger groupSp was 
identical with that practised in the latter half of the century, 
it lacked any real theoretical basis grounded in biological justifi¬ 
cation. The analytic but less spcculativcly-mindcd, like Huxley 
(c,g* 1B53, 1854), sijiipty iismmed that structural homology (or 
common archetypai plan) was the right key to unlock classifi^ 
catory secrets: the idea that it was right because it implied 
genetic relationship did not enter their minds, or at least was 
nor allowed to cnccc their cotisdoiis minds, until after the 
publication of Darwins On^ifi in iS 59. The mote theocetically- 
inclincd, such as Goethe and Oken, regarded the existence of 
structural plans common to a large nuinhcr of animals as evidence 
of some form of plannmg in the act of erection. In extreme 
form, this theoretical view found the basis of homology in the 
existence of a limited number of archetypal ideas in the mind 
of the Creator. 

With the coming of the Darwinian epoch, howeverp all this 
was changed. Homology, instead of being e^entially a descriptive 
term implying nothing mote than the sharing of a common 
archetypai plan, became an expUnatory term implying the 
sharing of a common plan oa account of descent from a common 
ancestor^ The basis of clarification became, in theory at least, 
phylogenetic. Degree of resemblance was taken as index of 
closeness of relationship, and taxonomic categories were defined 
on the assumption chat each represented a branch of liigher or 
lower order on a phylogenetic tree* 

Tliis way of looking at the facts provided wliac was on the 
whole a very satisfacrory basis for tlie dclimtnation and arraiige- 
ment of larger classJficatory groups down to ordersj sub-orders, 
and even families: hut it was not always easy to apply it to the 
minor syscematics of genera and swedes. 
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In practice, n^or systemada was still ruled by an ootlook 
wbidv in some respects remaincu linnaean. Li spite of the 
thcoiedcal belief that species were mutable, they were usually 
defined by the aid of critem which taddy assumed immutability, 
or by arbitrary c haracte rs frankly based on mere convenience. 
This point of view is sdll employed by many taxonomists 
to-day, and the result is often an arbitrary compromise between 
practical convenience and the desire to give a specific name to 
every recognizably distinct form. This is perhaps less sO" in 
zoology, where subspecific naming in accordance with the 
principle of geograpldcal replacement is now the practice in 
most wcU-wotted groups. Even here, however, as mentioned 
in the secdon on dines (p. 3 o 6 ), subspecific names are often 
allotted on the basis of an arbitrary degree of difftrcnce in a 
continuous series, not on that of the eadstence of natural self- 
perpetuadng groups with rclarively uniform characters. 

In botany, however, procedure is often sdU quite arbitrary. 
To take one recent example, Cowan (1940) divides the rhodo¬ 
dendrons of the sanguirmttn series into eight species and thirty- 
eight subspecies. This is done on certain arbitrary diagnosdc 
characters. "It must now be dedded whethcc each of these eight 
groups is to be regarded as a single variable spedcs or as a section 
indndi pg a number of specific units.’’ . . . "It must be under¬ 
stood that the species vary vdthin the widest liinits in characters 
not taken as diagnostic. The same argumtait applies with even 
greater force to the subspedcs." No attempt is made to employ 
geographical dUstribudon as a taxonomic character. Although 
there is “abundant evidence of the distribudon of these (diag¬ 
nostic) characters upon menddian lines”, and “many of the 
possible combinadons do occur in nature*’, there Is no discussion 
as to whether this state of afiairs may not be due to hybridization 
and reticulate evoludon; the only criteria used are morphological 
separability and pracdcal convenience: “Even if all these variants 
can rightly be r^arded as spedes, the muldplicadon of specific 
names to this extent is so obviously undesinble that one turns 
at once to the altemadvc course of modifying the standard. It 
is equally undesirable to regard all the plants within this group 
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OS forms of a smglc very variable species, a not unreasonable 
view, but they diifcc too wlckly ” In other words, taxonomy in 
eases like these makes no pretence of describing die facts of nattirc 
concerning the distiibution and rclarionsiiips ot natural group^^ 
but is concenicd solely with the arbitrary distinction of forms* 
It is clear that distinguishable forms should receive some 
designation ; but this should not be a specific or subspocihe Latin 
name unless there is some ground for supposing that the dis^ 
tinguishabic form is also a natural group-unit. Other forms 
should be distinguished by some type of subsidiary nommclaturef 
asTurrill (1938^) proposes* 

Botany ako lags behind zoology in anodtor poiiii of taxonomic 
practice, which^ though small^ makes for convetitence* 1 refer 
to the convention by which all specific names are spelt with a 
small initial letter. This is now unLvcml in stooU^* and 1 have 
deliberately adopted it in this volume. The elaborate couvcnritins 
of botanical practice ocxasionally make for confusion and have 
nothing to recommend them save historical tradition. 

The value of employing every possible type of character in 
taxonomy k illustrated by recent work on tlie related plane 
genera Hebe and Vetimka. The two genera were separated 
according to the mode of dchisccuoe of their capsules, and on 
tins bask a number of New Zealand species were assigned to 
KefonjVff. However, they have now been found (Fcankcl, 194.1) 
to have the same basic chromotsome-numbers as Heht (two 
polyploid scries, with x = 20 and x = 21), in this dUfccing 
from all typical Vmnka species. Re-<xamiuation of the capsule 
then showed that die mode of dehkccnce k much more similar 
to that of typical Hebe* The species have accordingly been trans^ 
ferred to Hebe. Similar corresetions of faulty taxonomic observa¬ 
tion by new methods, in thk ckc the utilisation of chemical 
data on pigments, have been made by Ford (1941) hi Icpidoptera* 
Metcalf (1929) has pouited out the value of parasites for taxonomic 
purposes. 

In spite of all effom to draw the taxonomic consequences 
of the geographical rcpkcetnent of forms, efforts dating from 
Glogcr*s pioneer work in the second quarter of the nincteendi 

N* 
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century and condnued by such men as Allen and Gulick in 
the ^ 7 o\ Eimer in the and Klcinschmidt and the Sarasins 
in the "go’s, the detertninadon of spcdcs down to the beginning 
of die present century was usually undertaken on the assumption 
chat they were all weO diferendated by a series of diagnosdc 
charactersp and separated from their nearest reladvcs by sharp gaps. 

Determinadon was made almost exclusively, and often rather 
arbitrarily, on the basis of morphological characters of stiucturc 
and appearans:. As research brought to light more and more 
geographical or other forms, populadons which could be clearly 
distinguished from the populations of other areas were generally 
accorded specific rant. 

The last decades of the period of phylogenetic classification, 
roughly from the beginning of the present century onwa^ds^, 
may be distinguished as a definite suh-period, characterized by 
the use of geographical distribution as a taxonomic criterion, 
m addition to morphological characters. From what we have 
just said, it should be clear that this aho meant the abandonment 
of the last traces of a subconscious '"linnacism^^ and the adoption 
of a thoroughgoing phylogenetic outlook, in minor as well as 
in major systemadcs. In the battle between the “splitters’"' and 
the ^ lumpers'^ the “splitters” represented the ksE survival of 
the Linnacan oudook, the ^'lumpers** the geographical phase of 
the Darwinian. 

The first result of the refinement of detailed sptcmatic methods 
was thus to force the geographical criterion into prormnenoe 
and to introduce the Darwinian idea of plasticity into the 
taxonomia of species. 

To-day^ howeverp the discoveries of cytolc^ and genedesp 
together with the mass of detailed systematic data which they 
are illuminating from a new angle^ have shown us that we must 
adopt additional and in a sense other criteria. 

A classification based on the idea of phylo^netic descent 
must at best remain highly speculadvcp for, save in a few fossil 
lineages, we do not and cannot know the actual course of events 
in the evolution of a group. In most groups, the only data we 
possess on w^hich to base our dassificatory scheme^ are those 
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concerning the species, subspecies* and genotypic variants as 
they exist at the present for these are the only groups with 
concrete biological existence. These obviously represent the 
results of evolution, but often tell us little about its past course- 
From what we now know with regard to the different methods 
by which new species are produced, and the genedcal and 
cytological mechanisms underlyiiig their production and main¬ 
tenance, we can see the problem in a new light. We ate beginning 
to realiae that a new basis for dassiEcation will be necessary for 
deaUng with minor systematic diversity, although the phylo¬ 
genetic method will remain applicable to major groups. 

Let us sec in what main ways a scheme with such a geuedc 
basis for taxonomy wili differ from one with a phylogenetic 
basis, hi the first place, we have the undoubted existence of 
parallel mutations (see 510}* When these occur and ate pre¬ 
served in stocks which are already spedftcally distinct, the 
Darwinian concept of homology breaks do^^n* For the homo^ 
logy* though perfectly zed, no longer implies descent from a 
common ancestor showing the common feature. Two white¬ 
eyed mutant strains in two spcdcs of arc not des<xnded 

from any common white-eyed ancestral strain; and the same 
doubtless holds for various wild-type characters of related species. 
It is true that where a number of separate characters are involved, 
as in the plan of construction of the body as a whole or of any 
complex organ, the phylogenetic concept of homology will still 
hold. It is impossible to maintain the independent evolution, on 
more than one separate occasion* of such structures as the penm- 
dacrylc limb of land vertebrates, or the crustacean appendage, 
or the chordate notochord. Phylogenetic classiBcation based on 
the idea that the possession of such organs by a number of 
organisms implies their descent by modiftcation from a common 
ancestor remains as valid to-day as it did when the principle 
was applied by Kovalevsky to prove the vertebrate aiffnides of 
the Tunicates, In plants, on the other hand* the organization of 
the body is cm the whole so much simpler that structural plans 
of such complexity as to rule out close parallel evolurion are 
rare; it is for this reasco that the phylogeny of pknts is much 
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mote unoemiti dun that of bi^Vf ^mals, and botanists as a 
whole oOFTcspondiiigly mote pessimiscic dun. zoologists as to 
the possibility of phylogenetic classibcadon in gcncraL 

In oertain long'-nngie evolutionary trends in atumals, parallel 
changes appear Co have played a greater part than was earlier 
supposed. It is for instance probable on a prion grounds, and 
per tain on the basis of fo^l evidence, that many adapdve features 
in a type undergoing specialization arc due to the selection of 
parallel but independent mutadons. This is brought out clearly in 
the case of the horses (Matthew, ipzd). Here, quite distinct lines, 
including some which eventually become oednet, show the same 
genera] changes, though some may be in advance of the average 
in one spedalizadon {e,g. teeth), and behind it in another (c,g. 
feet). Something similar occurs in the mote fiDely-documcnt^ 
evolution of JWimirter (p. 3z). Presumably the general direction 
in which sdecdon-pressurc is being exerted on the group 
remains constant, and thus all mutations and recombinations 
favouring change in this direction are selected- It is not necessary 
(and indeed highly izuprobahle) that the parallel mutations 
^ould be strictly homologous, in die sense of being changes 
in the same gene; the paralldism of evolution and consequent 
upset of the classical concept of homology will occur just the 
same, if they merely exert si milar ejects. 

It is possible that paialle! speciaUzations or parallel prog ress 
of diis sort occurs also in larger groups. W. E. Le Gros Clark, 
for instance (195+), believes that it has played a large rok in the 
evolution of the Primates as a whole. 

It is, however, in minor systematics that the greatest difficulties 
occur. In the first place, wc have the fact that parallel mutations, 
including a number that are fully (gcnically) homologous, occur 
in related species of Drasophila suid other organisms. They ate 
conspicuous where fixed in do'mcsricated forms (sec Haldane, 
ipaye, on mammals), but occur also in wild populations. This 
makes natural the presumption that certain characters actually 
found established in some of the specks owe their origin to 
parallel mutation and not to common descent. It is dear that 
the distribution, among a group of related species, of characterr 
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due to prallcl mutadon might be quite didereut from a distd- 
bution dependent on phylogcny. Similarity of mode of Ufcp 
with consequent preservation of simiiar muutlonSp would be 
more InBuentia] than common aiKcstry (though parallel mutation 
is only likely to occur in closely rcUted foniis). Sturtevaui (1939), 
for the Drosophilime, is probably the only uxononmt who has 
consciously endeavoured to discount this possibility {p. 357)* 

Quite frequently characters will form a mosaic partem. 
Character A will in one species be combined with B and C» 
in another with B and D, in yet another with C and E* and 
so on (e.g^ ill p. 370)- hi such cases wc mast be content 

to let the phytogeny of species elude us, 

bi general^ taxonomic ‘^rrlationship^’ wiU in many cases be 
quite different from relationship in imman affairs, as between 
members of a large family. In die first place, the one is essen¬ 
tially an affair of groups, the other of iiidividuals. In the second 
place* the facts concerning mutation* such as its recurmnt nature, 
and indeed the necessity (if we are to account for die variance 
actually found in mrure) for some recurrence to balance the 
wasuge due to random loss of mutant genes from the genn- 
plasm, make it dear that while human relationship is based on 
physical continuity by reproduction, taxonomy is essentially con¬ 
cerned with the number of charaaers or genes shared in common. 

Let us amplify these points a litde. The taxonomist is not 
concerned* or is conocmed only in a very minor degree, with 
race individual variants. These may, in certain eases, constitute 
the rw material out of which, taxonomic units arc shaped, as 
with dominant mehnistn in moths {p. p]), but in diciiudvcs 
deserve notice, if at all, merely as “aberrations" from the type 
of the group. It is only when a group Is involved, whether hi 
the form of a single localized unit, multiple localized units, or 
a distinct and common type scattered through the population 
(as with genetic polyniorphism: p. 9 d) that taxonomy is involved. 
In human relationships, on the other hand, we deal primarily 
with individuals: A.B. is the son of C.D., the nephew of M.N., 
the cousin ofX.Y. 

And the basis of these human relationships is reproductive 
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dcscenL Fiist-coiisinship implic$ comm on grajndpMiiis* seconii^ 
cousinship common great-grsLndpaitnts, and so on. But in 
Caxonomic group-relatiomhips, descent may pky a bUirrcd or 
incomplete pare* or even no part at all. To cake an obvious 
cxamplCp nturscrous wild planes have whits-fiowexed varieries 
in natuie; but all the members of “viir. dba' in bluebells no 
more comdtote a smgle group with common desert than do 
all the albinos in human beings. Wherever we find sporadic 
groups of variants difering from the type in a single main 
charactcii the same will apply. Many such examples are known, 
both from plants and aniinab^ 

Where, however, a group is chaiacccriied geographically as 
well as genedesUy, as, for instance, with most animal subspecies, 
the hypothesis of descent from a common ancestral group i^ 
usually tenable, especially wheu numerous separate genes otter 
into the characteiizatiou. But even here it is not necessary* 
With changed dimadc or other ecological conditions, only 
certain rypes and combinations within a highly variable popu¬ 
lation may be able to spread into new areas. They will then 
constitute a single geographical and geuede group, but will not 
have a single common odgin* This has beep postulated by 
Turrill for the orig^ of Ajug 4 from A. <km (p. 267)* 

and doubtless will be found to hold for many othec cases as 
invemgators bear this possibility in mind. 

Even in the comitic^ier case of the differendarion of a local 
group tn situ^ the pictuie will be complicated by migradoti and 
intercrossing with members of other groups. This may be fre¬ 
quent, as with many condncntal subspecies, or infrequent and 
sporadic, as with many island suhsped^; but only rarely, as on 
oceanic Islands, is it likely to he wholly absent, tn any case, 
with biological groups “common ancestry” does not imply 
descent from a single ancestral pair* as in human relationships: 
it means the gradual tnodtficatiou of a mote or less sharply 
delimited group by the progrcsdve substitution of some genes 
for others. 

The parallel with individua] human relationships b particu¬ 
larly misleading in the case of human groups* for the obvious 
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reason that migr^on^ redculate crossingi and consequmt rccom- 
binatioD are more widespread in man dun in any other oigani$in« 
So-called "racial types^^ may be mere rccombmadonal segregants^ 
thrown up from a highly mixed population^ withour any con¬ 
tinuity of descent through the same phenotype or genotype 
from the original stock which they are held to represent; the 
most abundant types in a mixed group may well be new recom- 
bmadonSt different from any found In any of the parent stocks 
from whose crossings the group arose* and so forth. The quesdon 
has been discussed Ui more detail by Huxky and Haddon (i 9 J 5 t 
Chapters 3-5) - 

Reoendy^ a dispute has arisen between the adherents of a 
phylogenetic classificadon and those who maintain that the only 
possible basis for taxonomy Is a purely logical one, based on a 
maxlmiiin correlation of attributes (see Gilmour, 1940, Caiman^ 
1940* and discussion in Proc. Limt* Soc^ LottJan.^ 1523 ^34)^ 
However, the behevers both in a completely logical and in a 
completely phylogenetic taxonomy would appear to be aiming 
at ideals which are quite unattainable in practice; in addition, 
both systems arc in some cases not consonant with fact For 
instance* taxonomic practice* at any rate in larger groups among 
animaU, appears to base itself on the co-ordmadon of characters 
in an organizational plan, rather than on the totality of attributes, 
while a phylogenetic classificadon simply will not fit certain 
facts of nature, such as those produced by reticulate evolution. 

In practice, however, the two concepts largely coincide. They 
coincide because the processes of mutation and selection distri-' 
bate cliaracters among taxonomic groups in such a way as to 
fiUfil approximately the postulate of a maximum correlation 
of attribuEes demanded by the upholders of a logical classification^ 
The more characters diccc are available, the greater in general 
the approximation (cf. p. 371). Geographical distribution and 
paleontological history are to be included among characters in this 
sense. In fossil material, however (e*g* moUuscan shells), the 
number of characters may be very much limited compared with 
the range available to the student of living forms ; it is probably 
this which accounts for many of the cases of apparent parallel 
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cvoltidon to be fbtu^d in the paleontology of e.g. molluscs and 
bracbiopocls. 

When divergent groups have evolved separately for long 
periods, the co-ordinadon of character-disDibtirion with taxono¬ 
mic grouping wiU be very dose. It need not be so close, howeveti 
when the divergence is of recent da t e; in this case, the chance 
of paialkl mutadons upsetting the co-ordinadon is much greater. 

In one respect taxononiy would appear definitely to have a 
phylogenetic basis^ in that named categories are in general 
monophyletic groups. Wherever the distribudon of characters 
contradicts the hypothecs of monophyljr for a groups the taxo¬ 
nomy demands rev^on ; here the phylogenetic outlook can play 
a constructive part in taxonomy. This genendizadon may break 
down in regard certain subspecies (p. 215) and species^ which in 
e.g. apomiede and in rcdculate evolution must be deb mi ted 
purely on the basb of convenience. It also breaks down in the 
case of **horizontal^^ groups (e.g, genera) in paleontology, which 
may he merely stages mn through independently by sev^eral 
lineages, and yet necessary categories for the sake of taxonomic 
convenience (^e also p. 409)* But in regard to higher categories 
the principle certaiidy holds. 

When it comes 10 detailed taxonomic anmgemefJi, how^ever* 
as opposed to taxonontic naming, it is cMicult to see how a 
phylogenetic bads, or even a phylogenetic background, can be 
found for this. As various workers have shown* the elaborate 
trees mA other diagrams of arrangememt (relationship) proposed, 
e.g. for the groups of higher plants, arc largely contradiccorv 
inter si\ and must be rtgjarded as highly speculative. Whenever 
there is reason able certainty as to arrange ment—e.g. vehen one 
set of families or orders can be deduced to have a common 
origin separate from tliat of others—this can and should be 
represented by means of nained categories, such as superfamily^ 
suborder* subclass, etc. Where this is not possible, the airange- 
nicut (e.g. the order in which group^^ of a certain taxonomic 
category are cnuinctated) should not be pmsunied to have any 
phylogenetic meaning. 

Even if we had a full knowledge of the phylogciiy of, say. 
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all genera and families widbin an order, the diagramimdc repre- 
sentadon of this would be exceedingly oompleXp and must be 
held to be a “subsidiary classification*' in Turrill*s sense rather 
than falling within the province of taxonomy sensa stmt& 
fTurnirs '"alpha or orthodox taxonomy^'). 

Gilxnoar his pointed oot that taxonomic practice was actually 
little altered by the introduction of the idea of evoludon and 
phylogeny into biology. We must remember* however, that the 
more philosophicaily-'Uiinded pre-Darwinian taxotioniists thought 
in terms of an “ideal plan** or archetype which was modified in 
detail in various subgroups of a major group (see p. 391);, and 
that this is in point of fact a symbolic representadon of phylogeny. 

Thus, while taxonomic practice inevitably rests upon the 
cvaluarion of characters, and while phylt^cncdc rcladonship 
must always (in the absence of full paleontolc^cal data) remain 
a deduction, the phylogencrie idea, whether directly, or sym¬ 
bolically in the form of a modifiable archetype, may and often 
docs aid the taxonormst in evaluadng his characters and in 
framing his categories. In general^ it is more correct to speak 
of a phylogencrie background for taxonomy than of a phylo¬ 
genetic basis. And we must constantly beware of arguing in a 
circle and giving independent existential value to the phylo- 
genede groupings wliich we have merely deduced from the 
distribution of characters and strucmral plans in existing groups. 

The possibility chat the mitial separarion of groups, capable 
of leadhig on to spedcs-formadon^ may in some eases be generic 
instead of ecological or gcograplucal also introduces com pU- 
cadons into minor systemadcs. Two genetically isolated species 
in the same area and habitat may remain closely similar, both 
physiologically and morpKolc^ically, for long periods, whereas 
two ecologlc^y divergent spectes might diderenriatc markedly 
in a much shorter period. 

Again, as we have previously seen, the physiological diver¬ 
gence found in “biological races” may become quite extensive 
witJiout being accompanied by more than mininial dil&reridadon 
in visible characten. It way be argued that taxonomy cannot 
and shiHild not take accnimc of dme, only of divergence. But 
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should it not take as much account of physiological as of morpho¬ 
logical divergence? 

We have, next* the existence of polyploidy. Autopolyploids 
provide one not inconsiderable difRcuJty; they are well isolated 
as reproductive groups, but di^r extremely little in visible 
characters from other members of the scries (though often 
markedly in physiological characters and eonscqucndy in area 
of distribution). But allopolyploid species arising as the result 
of a cross simply do not ht into the ebsskat framework. New 
methods of denoting relationship are needed when we have to 
take into account the convergence and tut ion of branches as well 
as their divcrgiencc. This diffiailty is aeccciCuated in the case of 
reticulate groups (p. 353) where, as we have noted^ ordinary 
taxonomic luethocls have already partially or completely broken 
down. 

Anotlier point, of purely practical but none die less real impor¬ 
tance, concerns the modem tendency to push the geographical^ 
Darwinian method of classificadon to a conclusion so logical 
that its application becomes liar mfuL The battle of the ‘^splitters” 
and the * lumpers'" still coniinucs, though now in respect of 
subspecies instead of species. The **spliners^^ wish to distinguish 
as a separate subspecies, with its own trinomial designation 
subject to die mtcmational rules of zoological nomenclature, 
every population which can be disdnguished, by however slight 
a criterion^ from otlicr popubtions. As an example of the lengths 
to which thb process is already being carried, lee us take a case 
recently adjadicaced on by dtc British Oniiihologists" Uniom 
It appears diat Brirish-hreeding specimens of the common red- 
sliank, Triu^a can be disringuislicd from their continaital 

relarives by a slightly darker coloradon^ There are no structural 
or size differences, and die colour disdnedon, in addition to 
being slight, exists only in summer plumage. In winter plumage 
members of the two popubdoiis are admittedly indistinguishable. 
Yet die British fonn has lx;en solemnly allotted subspcciBc rank. 
In consequence, die continental subspecies must now, it is ruled, 
be bajined troni die BriiLJi list, since any birds shot in winter 
on out: sliorcs comicJt lx: ascribed to diis f^jrm, even if we know 
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perfectly wcU that most of them wiU be migrants from Europe ? 
The subspecies cannot reacquire its British status before a £uro^ 
pean-ringed specinken is shot Ut Britain. Such decisions tend to 
reduce systemadcs utl i^bsurJum. This holds also for the erection 
of new subspecies on the basis of bebg slighdy darker {e.g. 
Clanocyt 1938, for west Sccttidi birds, which arc anyhow more 
likely to be on a dine}. 

Difficuldcs arise in other cases where forms regarded by the 
^'lumpers” as subspecies vary locally. We have met with such a 
case in the crows (p. ^48). Hoodie and carrion aows arc both 
divisible into local groups with considerably better diffcretidadon 
than that of the redshanks just discussed. But if the conclusion 
of the adherents of the Rajjenfcrejj idea be sound, that hoodie 
and carrion oows arc themselves merely weil-matked subspecies, 
then we must allot “sub-subspecdfic^" natnes 10 their local forms. 
Apart from the pracdcal inconvenience of any such muld- 
nomial system^ we should then be giving a lower systemadc 
rank to the local forms of crows than to those of titmice or 
wtens distinguished by approximately the same amount of 
divergence. The difficulty is real, however, and not artifidai 
It may perhaps be avoided by using the term sf^misp^des. This 
has b^ proposed by Mayr (1940] for forms which “can be 
deduced to be geographical representarives of some other spcdci^, 
but have during isolation developed morphological dlBerenccs 
of the order of magnitude to be seen between undoubted sped«”; 
and under the term he includes forms like the dickers (p. 250), 
which hybridize in a manner precisely similar to the crows. 
Taxonomically it will perhaps be best to give buiomial names 
to such semispecies, whik imidng them and their geographical 
vicariants in a supraspecies, to which some name may be given 
compounded from two of the binomials of the groupn 

Zuckerman (i94'^)f discussing some of the defects of the 
present classification of the Hominidac. points out that the desire 
to ascribe the utmost possible unportance to any new find of fossil 
man has led to the erection of several quite unjustified genera* 
He pleads for the setting up of empirical criteria of diSerence 
for spedes and genera, in the ahs^ce of that abundance of 
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material iwliich alone could make a phylogenetic cUssificatioji 
really possible. 

The Sabbath was made for man, not man for the Sabbath. 
Similarly syscematics exist for human convenience, not ui the 
interest of some Platonic rUoi stored up m Heaven. The time 
has come when we must make a dcdsioti as to the implicariotis 
of recent research for nomendatorial practice. 

A quadrbomial system, by which gjcncra, subgeuera, species, 
and subspecies ate given formal names, is a useful invention for 
the purposes of detailed pigconlioling. Practical convenience, 
however, dictates that for the ordinary purposes of general 
biology, binomialism should remain. This can be achieved if 
large speaes of the nature of Rassenkreise^ and large genera con¬ 
taining numerous /irtfufereisie and other types of subgenera, are 
used for the normal designation of different kinds of animals 
and plants, reserving the subgieiius and the subspecies for the 
use of sysrematists or for various special purposes. The subspedcs 
should be more widely used than the subgenus, since difTetcnt 
subspecies of a spedes arc concrete biological groups, differing 
often in quite important points of physiology and be¬ 
haviour as well as in size or other visible characters. The 
conunon habit of splitting old-established genera into a 
number of new genera, often monocypic, Is frequendy an abuse 
of systematic method, because an unnecessary denial of the 
prindple of taxonomic convenience. 

^ Modem systemadcs, in so far as it is coping with geographical 
divergence, must in fact recognize various fruits of its own 
actjvities. The principle of geographical replacement Has for its 
taxonomic corollary not merely the degradatton of many groups 
from specific to subspcdtic rank and their grouping within 
major (polytypic) spedes or Jiusseukreise, but also the dkaUow- 
ance of many genera and their degradation to the status of 
Arienhreise or (geographical) subgcnera. 

In the second place, the same prindple, carried to its logical 
extreme, implies that we must frequently expea the population 
One geographical area to difier from that of another by very 
small diough constant difieieoces. This does not, however, imply 
the desirability of each such form receiving a Latin name. For 


SPECIATION* EVOLUTION, AND TAXONOMY 40j 

one thing the prindple of practical taxononiic utility forbids 
sub<livision being carried too far: this is especially true of names 
which ate subject to the rules of systematic nomencknire, and 
thus enshrined for ever in an official pondon. For another^ the 
prmciple of character-gradients (dines) must be taken into 
account. Such geographical forms may prove to be merely points 
on a dine. If so^ then* unt^ a discontinuity, or at any rate a 
much steepened portion of the gradient intervenes between 
thenrif they assuredly do not deserve separate stihspcdfic naznes^ 
but the dine as a whole should he named (p, aad). 

The fact that two or mote dines may be operative in different 
directions across the range of a species introduces yet another 
complkadon. 

It seems certain that systematics will have to invent subsidiary 
terminologies to cope with the complexity of its data (see 
TurriU, igiSa). GenuSp subgenuSp species^ and subspecies will 
doubtless remain more or less universally as main categories. 
The definition of genera and subgcncra is often kige!y a matter 
of conveiuence. Besides geographical subgencra we may aUo 
expect other types—c.g. those of an ecological and perhaps those 
of a cytological nature. The definition of species we have db^ 
cussed at length (p. 157). It is essential that, if the terni is to be 
retained, it shoul^ used in a broad sense, with due regard to 
practical systematic convemence. 

Subspecies have usually been defined on a geographical basis. 
This, however, is largely due to the historical reason that the 
refinements of taxonomy were most readily W'orked out in 
vertebrates, where ecogcographical divergence is the main 
factor in minor systematic diversity below the level of the 
species. Rensch, indeed, has maintained that geographical forms 
alone ate admissible as named subspecies. There would, how- 
ever, appear to be every reason for employing other categories 
where they apply—e.g. the physiological or biological, the 
ecological, and the cytological, notably as regards polyploid 
forms; genetic divexgents like those of Drosophila pseudoobsrura 
should also be included. In this case it might, however, be desirable 
to indkaie the nature of the divergence whenever it could be 
certainly assigned. Perhaps some su^ method as the prefixing 
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to the subspedfic tiaxnc of die letters "G”, and “C” for 
geographical, ecological (including physioEogical and biological), 
and cytological divergence respectively would serve. In some 
cases considerable geographical diSereiitiation may occur within 
genetic or biological subspecies. Here, presumably, two sab- 
specific names will be required. 

For specifjnng characier^radicuu (clincs) it is hard lo see any 
fully sadsfacrory solutiem save die niarUng of them on a map- 
However, a useful first approxim^on would be a statement 
of the character they concerned and their approximate direction. 
For instance^ after ^e description of a polytypic species wliich 
showed considerable geographical variarion, one might add such 
phrases as ^^Sise S-N; melanin E-W from desert belt to sea, 
then SW-NE*\ the increases in the character being in the geo¬ 
graphical diiecdons named. But the complexity of the data 
might often stuldfy such an attempts 

When dealing with difl[crcnccs characterising a regional popu¬ 
lation, especially when this is gpographically discontinuous from 
neighbouring populations, regard must be had to practical 
oonvemence. We most not erect suhspecks whose diagnostic 
differences are smaller than those of mere toed groups of other 
subspecies: the term subspecies should connote a moderate degree 
of difference, not mere difEerence* however mmute (p* 40a) * 
Practical convenience, on the other hand, makes it extremely 
undesirable to mtroduoe a new tiomenclatorial category* though 
the existence of such microsubspcdcs or microraces (Dobzhamky) 
is indubitable. It would seem best for systemadsts in such cases 
to confine themselves to descriptive statements, such as diat 
minor geographical forms fmlcrosubspecies)p characterized in 
such-and-such a way* and perhaps denoted by a letter or number^ 
occur in such-and-such regions. 

Another method b that suggested by Turrill for designating 
varieties by combmadons of letters according to the combina¬ 
tions of characters which they exhibit. This will not be of much 
service when variation chiefly takes the form of clines, but 
will be useful wherever sharply-contrasting diara^xers arc 
involved, and especially so where hybridkarion has been at 
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work. It will thus be moi^ applicable to plajits than to animals. 
Within its sphere, however, it should often be of value as a 
subsidiary' method of raxonomic desaription not involving formal 
nomenclature; and may prove to be the only method for dealing 
with the bewildering confusion of reticulate groups. 

The main kinds of taxonomic units with concrete existence 
as natural groups are thus as foUows. Those to be named in 
accordanoe with the mtemationa] rules are in italics. 


r* 4 , Geographical genus 
fc. Geographical sub- 
genus 

2. Supraspedes 


(Rcnsch*s 

Consisting of spcdcs skewing 
geographical (or ecological) 
rcplaocment. 

Consisting partly of subspecies, 
partly of semispecies or full spedes, 
all showing gec^aphical (or cccm 
logical) replacement 


So far geographical replacement is the only basis known for 
categories I and 2, bur we may prophesy that ecological replacc- 
menl will be detected as a basis for such categories^ in insects 
at least. 


3 . SpMts. 

Potymorphic 


6 . Polytypic 


c. Monotypic (mono- 
morphic) 

4. Setnispedes 


Differenriated into numerous spa¬ 
tially coMtxhtcnt ecotypes or other 
sharply contrasied forms. 

Differentiated into subspodcs 
showing geographical or ecological 
replacement, or into forms with 
di^rent chromosome - number; 
the subspecies may fall into dines. 

Not differentiated into subspedes 
(or into m array of well-marked 
and co-existent ecotypes). 

On the borderline bctwcai sub- 
tpedes and species. 
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5- Ci/jiM To be given Latin names when tlicy 

aseconsitJerabJc and condo uous and 
not diBcncndatcd into subspecies, 

6 . Chromosome-races Differing in chromosome-number, 

usuallyby whole genomes f to bedc- 
signated by the ploidy (30; 4n—2; 
etc.) after the spcdfic name. 

7, Subspedfs 

K. Microsubspccies 
9. Apomict strains (clones). 

Natural groups, in the sense here employed, have a geo¬ 
graphical distribution groups and are cither scltpcrpc mating 
or have clearly been recently derived from a sclf-pcrpctuating 
group. Phases, forms, and sporadic mutants are not natural 
groups in this seme, nor are ecotypes. If a phase or an ecotype 
becomes the only form in a given area, and persiste there, it 
ipSiP Jofto merits subqjedftc rank. The word variety has been 
used in so many senses that it should be dropped. If a general 
term Is required for any variant form, paramorph may serve, The 
nomenclature of hybrids is discussed by Allan (1940), and the 
taxonomy of culrivated plants by Vavilov (1940), 

In paleontology, many difficidties arise. A tccbiical difficulty 
arises from the fact chat the paleontological taxonomist is con¬ 
fined to fewer characters, since soft parts arc not available. Tlus 
becomes acute, e.g. in many molluscs, though it is not serious 
in such forms as mammals. Some paleontologists arrive at con¬ 
clusions which do not square with the experience of taxonomists 
who have the advantage of dealing with living Tnaterial. Thus 
Macfadycn (i 94 (^)p describing Liassic Fbraminifera, writes of the 
Lagcnidae: “in this family there appears to be wide variarion 
within some of the groups, where neither 'species’ nor even 
‘genera’ are sharply defined.” In view of what we have pre¬ 
viously said as to the biological reality of species, it is probable 
that such condudons derive from the inevitable diffit^des of 
the material (sec also Macfadycn, 1941]. 
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A more fundUmental difEculty is tbe fact th^t he must oonsider 
the dimension of time as well as of space. Parallel: evolution is 
a real phenomenon, but in many fossil groups i& apparent 
extent is exaggerated by this paucity of taxonomic characters, 
wherever parallel evolution occurs m a group, two types of 
classification arc possible—^by vertical lineages, along the dnv>- 
dimension, and by stages run through by several lineages, cutting 
across the tiniMli mention (see e.g, AihcU, 1913 p D. Lang» 
193S}, It is often advisable to give gieticric names to such hod- 
zone^ stages^ It has been maintained that such *'horizontal^ ^ 
genera are purely artificial; but as E. L White pointed out in a 
leocnt discussion (unpublished) at the Zoological Society, this 
is not the case; granted the ocurrence of paralld evolution* 
horizontal stages aie inevitable facts of nature. It thus becomes 
accessary to introduce a double terminologyt vertical as well as 
horizontals The simplest convention would be to apply generic 
names to horizontal stages and to introduce a subsidiary ter-^ 
minology for lineages; but the details must clearly be left to the 
palcoutologists thcmsclvcs~with the one proviso that they work 
out a simple and agrwl system. (See Arfcdl and Moy-lhomas, 
1940 .) 

Many paleontologists (sec e.g. discussion in Swinnerton^ 1940) 
give binomial names to so-<allcd ^^morphological spedes^^ which 
are without doubt only excreme variant t3rpcs arbitrarily selected 
ftom the assemblage povided by a variable true spdes. This is 
an unfortunate misuse of taxonomic terminology: some other 
method of naming such forms should certainly be devised. 

Undoubtedly the most important result of modetti research 
m and bearing upon systematics U that spedcs may originate 
by numerous and quite diflerent methods, which fall under three 
main heads* the geographical, the ecologjical (in the broad sense), 
and the genetk (cytogenetic). The degrees of morphological 
divergence and intersterility between itbted forms vary greatly 
according to the method of divergence which has been pursued. 

Faced with the abundance of new facts, wc must acknowledge 
that some new step in taxonomic practice is due. Two major 
improvements in the mcthodolcsgy of systematics have been 
ejected in the past. The first was the substitution of the Limiacan 
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system of binombl nDmentbturc for ttie earlier nicthcwl in which 
Homcticlature was confu.^J with description. The second was 
the introdiicdcH of trinomialisni to cope with the data of geo¬ 
graphical distriburion. [t is safe to prophesy that the next decade 
or so-will see a tlikd phase of major iitiprovcnient. This will 
involve the introduction of some mechoih coiioemcd largely with 
subsidiary tcrrjiino!ogics+ by which, while the principle of 
taxonomk convenience is still given dne weight in the main 
terminology, the cytogenetic and ecological data of systematics^i 
and the facts concerning actual or potential interfertilltyp can 
be adequately described and dtsciuscd^ [t will also involve the 
reduction of taxonomic diSctenoes to metrical form. The impor¬ 
tance of this has been ably urged by Richards who also 

makes numeroij^ practical suggestions. A few decades hence it 
will, we may prophesy, be regarded as necessary taxonomic 
routine to give the mean measurements, with their standard 
deviations, of at least five or six standard characters, as part of 
the description of a new form. The characters would vary from 
group to groups but could readily be standardized for each 
group* Lcitch (1940) stresses the Importance of such methods 
in paleontology, and points out that certain assemblages can be 
characterized by their degree and type of variability* Equally 
important are accurate methods for the quandiarivc study of the 
numbers and propcrticsof populations; secreferenexsin Timofeef^ 
Rcssovsky (1940)^ Doivdcswellp Fisher and Ford {1940), Spencer 
{i94o)p and Dobzhansky (1940). 

It has been customary to disdnguish sharply between artihdal 
and natural classiBcation. But die **natutal classification^^ at 
which post-DarwinUn biology has aimed is itself in certain ways 
artificial. For one thing it represents an unattainable ideal. And for 
another it assumes—what we now can perceive to be erroneous— 
tha*- the only natural method of cbssificarion is one based on 
naive and pre-nicndelian ideas of lelationsliip taken over from 
human genealogy and applied to groups instead of to individuals* 
Furthermore, it has iincotisciousty accepted certain implications 
of the Aristotehan mtdiod of classifying things into genus and 
species, implications which arc of pl^ow{^cal rather than 
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scientific import and based ou a priofi logic rather than on 
empirical fact The most impomnt of suci implication is a 
tendency to accept tlie discreteness and fixity of separate species 
(and subspecies) at more than their face valuc^ 

The new cUssificatory ^tems that are destined to arise will 
be more natural* in the sense of more truly teflccting Daturc. 
They will provide us with a picture of the diversification of life 
a$ it actually exists* and sometimes as it has actually occurred 
They will give due weight to gradients of change, their different 
dircctiotis, and their variations in steepness. They will help us 
10 dunk in terms of genes and their distribution as well as in 
those of individuals^ As regards the units of the taxonomist* we 
shall cease to regard them as so absolute or so necessarily distinct. 
We shah begin by thinking of life as a unity* into whose con^* 
tinuum discondmiidcs have been introduced. Some of these are 
partial, of various degrees of completeness* while the complete 
gaps are of various widths. Further, the discontinuities are of 
various origins* Some are imposed by geographical causes which 
are, bioJogtcaJly speaking* accidents. Others are the outcome of 
ecological specialization^ and are then often accentuated by 
selection. Still others arc the by-products of the working of the 
physical machinery of heredity* the chromosomes^ their division 
and mciotic reduction. Some discontinuities arise gradually* others 
abruptly. Some are the accidental outcoine of isolation, others 
the consequence of mere divergence* while sriU others have been 
selectively involved so that related groups may be more cfFecrively 
kept from interbreeding. 

The. new taxonomy* with the aid of its subsidiary termino- 
lopes and its quantitative measurements, will seek to portray 
this many-sided tcality. The picture vriU inevitably be less simple* 
but it will be more true to nature. The origin of species is largely 
irrelevant to the large-scale movements ofevolution. But* through 
taxonomy, it will be perceived as a complex and multiple pro¬ 
cess, responsible for much of that amazing variety of life which 
ac one and the same time attracts and bewilders the biologist. 
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I. THE OMNIPREENCE OF ADAPTATION 

We next come to die origin of adaptations. It lias been for 
some yean the fashion among certain schools of biolopcal 
thought to decry the study or even to deny die fact of adaptadon. 
Its alleged teleological flavour is supposed to debar it firom 
orthodox socntiiic consideration, and its study is assumed to 
prevent the biologist from paying atcendon to his proper busi¬ 
ness of mcchanude analysis. Both these strictures arc unjustified. 
It was one of the great merits of Darwin himself to show that the 
purpcsivcncss of oeguie structure and function was apparent 
only. The teleology of adaptttion is a pseudo-teleology, capable 
of being accounted for ou good mechanistic principles, without 
the intervendon of purpose, conscious or subconscious, either on 
the part of the oiganism or of any outside power. And to the 
second objecdon, the answer is chat since adaptations are facts, 
it is the business of biologists to study them. If a biologist thinks 
that be has exhausted the study of a structure or a fiincdoti 
merely by showing its adapdvc advantage, he is a bad biologist; 
but so is lie who thinks he has done so merely by giving a 
mcchanisdc account of its present condition and its embryo- 
logical development. The truth is of course that every biological 
problem has its evoludonaxy as well as its immediate aspect, its 
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functioiul memjDg as well as its medutiistic basis j and both 
need to be snidicd, 

Adaptadoa, in point of fact, h omnipi:csait. The field worker 
rightly laughs at the disbehcvers in the adaptive significance of 
DUtnetic or protective coloradon or of threat behaviour. 1 have 
been deceived in Africa hy the ceseftiblance of a mimetic spider 
to the ants with which it associates^; have spent vain hours on 
a Sorrty common searching for a nighgar s nest, so perfect was 
the bird's cryptic colocadonp before stumbling aocidentallj 
upon it; have nearly fallen out of a tree when a wryneck on its 
eggs simula^d a hissing snake* TTiat the examples of protective 
coloration, afforded by the Icaf-inscct, the woodcock, the dab, 
or die twig-like larvae of geometrid moths» should be hackneyed 
is no argument against their biological validity^ Nor docs the 
disbelief of certain laboratory mechanists in warning coloradon 
and other aposemadc characters prevent clucks from assodadng 
the black and yellow of dnnabar caterpillars with nauscousnesp 
or hinder human beings fiom paying attention to die rattle of 
a rattlesnake* 'The biologist who discovers by comparative study 
that the metabolism and respiratory pigments of animals arc 
closely adjusted to their mode of life is not likely to imagine 
that the correspondence is fortuitous. The physiologist who 
unravcb die postural reflexes of a bird or investigates the chemical 
regulation of respiration-rate h not Likely to dismiss organic 
function as non-adapdve; the naturalist who notes the constant 
correspondence between structure and inborn behavioiJi on the 
one hand and environment and way of life on other—one 

has only to think of sloth and owl, anteatcr and fiamuigo, angler 
fish and whalebone whale—must believe either in purposive 
creation or in adaptive evolution; the evolutionary biologist 
who finds that the rise of each new dominant group in cum is 
associated with some basic improvement in organic mechanism, 
be it in the shelled egg, or warm blocxl, or placental reproduc¬ 
tion. wiU have to admit that adaptation has lx5cn dl-important 
in evolutionary progress* 

It is perhaps unfortunate that the study of adaptations has 

* For a coloun.-J uf a spideJ: niunicfdngan^. jet DdmHhorfc (1940^ 
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been JO closely associated with highly specialized and striking 
eases of the “wonders of nature” type, such as the resemblanoe 
of a butterfly to a dead leaf complete with mould-spots and 
imitation holes, or the almost fantastic contrivances of certain 
orchids which secure insea-pollination. For this tends to distract 
attention from the bedrock fact that some degree of adaptatton 
ij omnipresent in lile, and tliat this lact demands an evolutionary 
explanation. 

However, in his recent very striking book Cott (1940) lias 
shown liiar concealing and revealing coloration, when properly 
investigated, remain the paradigm of adaptive studies, and has 
thoroughly turned the tables on captious objcctots. Such critics 
of the theories of protective coloration and mimicry have been 
in the habit of dismissing them as pure fantasies or armchair 
speculations. A. F, Shull (1936), for instance, goes so far as to 
state that the theories of aggressive and alluring resemblance 
"musi probably be set down as products of fancy belonging to 
uncritical dmes” (p. 173), and concludes {p. ziz) that “if the 
doctrine [of natural selection] can emerge minus its sexual 
selection, its waming colours, its mimicry, and its signal colours, 
the reaction over the md of the century will have been a distinct 
advantage*'! The array of facts presented by Cott shows that 
it is these objections which deserve the designation of “arm¬ 
chair"; it is the field naturalist and the experimental biologbt who 
provide the facts from which the theories are educed. Cott (and 
see Carpenter, 1939) also summarizes the numerous experiments 
and observations which demonstrate the reality of selection operat¬ 
ing in nature in favour of cryptic or aposcmatic coloration. He 
also points out the tTTcIcvanoe of the criticisms of McAtcc (193 a). 

In addition, Cott analyses the features of pattern by which 
illusions of various sorts, whether for decrease or increase of 
conspicuousness, can be created, and then demonstrates their 
existctice in nature. The particular method employed will be 
related to the type of habita t occupied. Thus inconspicuousness 
of the flat wing of a butterfly in low rough herbage is generally 
obtained by a false illusion of relief: the oblitcncion of sharp 
outhne in a tangle of vegetation tends to be achieved by counter- 
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sKading cogether with ruprivc mukifig^p whereas with forms 
which mitsc expose themselves on bark it involves arrangements 
for prevenang marginal shadows^ often coupled witli an actual 
UTcgularity of the outline i^clf, achieved by irregtilar outgrowths. 
Most convinciitg are special concladons of pattern with unosual 
positions: an excellent example is the reversed countershading of 
sphingid caterpillars which feed at night, but rest in an inverted 
position by day, and of the peculiar Nile catfish Syn0di^itis 
which swims upside-down {see Norman, 193 pp. 29, 

227)- 

It is interesting that Suffert (t 932| 1935)1 ^ result of 
intensive siudies pursued without knowledge of Cott's work, 
arrived at similar conclusions* Three recent independent observers 
may also be quoted* Comes (i937) cites the moth Vaiusia vfni- 
culatd^ which lives on a pardcular tree-lily* Its wings are marked 
with lines tunning at right angles to die body^ and at night it 
invariably orientates it^lf across a dead leaf, so that its markings 
coincide with die conspicuous longitudinal lines on the leaf 
Its antennae^ which would destroy the resemblance if visible, arc 
tucked out of sight under the fore-wings* When disturbed it 
settles down again, *"afcer a few compass-iike vacillations", in a 
similar position* 

Agaijj^ W. W. A. Phillips (194.0) describes die nest of Hemipus 
pkaSiis a shrike from Ceylon- The bird nests on bare limbs 
of trees. The nest is not ordy camouSaged with lichens and 
bark flakes^ but its sides are built down flush with the branch so 
as to resemble a knot* Finally, the fledgling young, so long as 
the parents are away, sit motionless facing each other with eyes 
half-dosed and beaks pointing upwards and nearly touching in 
the centre. Their coloration is a morded drab and blackish grey, 
so that they aic almost invisiblet even when nearly fledged. 
from a distance of little more than 12 feet the nest with the young 
bears a most tctiiarkable likeness to a snag left 00 tlic upper side 
of a branch through the breaking off short of a smaller branch 
just beyond its junction with the major stem. The upw'ard- 
pointing beaks help 10 heighten this similarity ; they represent 
the sliarp-anglcd fracture kft at die top of the stump. This 
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example may be coiitpaieJ wirb ilic protective eoloranon-enriH 
atdtiuk of die brooding nigh^'ar Nyctibias grbeus (see Cott, i$^o. 
Fig. 74), but is almost more remarkable as involving a co¬ 
operative attitude on the part of several birds. 

Finally, Holmes (1940) describes the unique ease of the common 
cuttlefish, SrpiJ Dpj^uuifu, which can change its colour and pattern 
widnn the space of a second. By this means, it can draw on an 
amazingly varied repertoire of protective devices, including con¬ 
cealment by means of oblitcraove shading, close environmental 
resemblance, sniking ruptive patterns, and flash patterns which 
bewilder an enemy by their extremely rapid sequence and great 
difference from each other, and also die scaring of enemies away 
by conspicuous threat patterns. Any particular one of these wilt 
be adopted according to circumstances. In addition, it employs 
special cpigamic. sUmtilacive patterns in courtship. Relat^ 
cephalopods do not show this imildform adaptation, which can 
be lelat^ to the pardcnlar habits of the species. 

In regard to mimicry, the detailed following by the niimic 
of the pattern of the model, as the latter changes geographically 
from subspecies to subspecies, consticutes a beauti^ ease of 
detailed adaptadon (see c.g. Poulton, 1925, Pi. D). This pheno- 
ineHim is not due to any direct or iudiret'c elicet ol cliinate. (See 
also p. ]02‘ Carpenter and Ford, 1935). 

As Cott rig^y says, physiologists and anatomists do not 
dispute as to whether a wing is or b not adapted to flying: 
t^y set themselves to discover the extent to which, and the 
picdsc method by which, it b adapted to that fimedon. Colour 
and pattern in dib respect fall into line with any other functional 
attribute of organbnis. 

Actually, in view of the remarkable studies of particular kinds 
of adaptadotis made in the latter half of the nineteenth century, 
ebr incredulity shown by a certain sdtool of modem biologists 
appears very remarkable. Thus, to take only one example—the 
various adaptations concerned with cross- and self-pollination in 
higher plants—we have die intensive work of Darwin (1877) 
on orchids, and the cxliaustivc survey, largely original, by 
Kemer (Kerner and Oliver, 1902). After reading Kenier’s 
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acCDimi; of the devices for securing ciossHpoUinadon, and those 
equally icmarkable ones for securing sclf-poUinadoii, the mo 
often co-existent in the same flower as wlwt the Germans call 
Joppelte SukeniHi;, there would seem to be no room left for 
scepticism on this poinL And if on one point, why on others! 
However, Cotts book deserves special attention, since it 
takes account of all the objections, theoretical, j^d 

methodological, raised by the sceptics of the early twentieth 
century, 

T, H. Morgan ([ 932 > p. ti 5 )t in reviewing the subject, mak es 
the following pertinent remarks. “A fact of some interest becomes 
apparent at once, namely, that what arc usually died as adapta¬ 
tions arc instances in which a spedcs shows some unusual type 
of structure, i.c. one in which it departs from most of die other 
species in the group. In other word^ it is the cxccpdonal that is 
often referred to as a typical case of adaptadon. The reason for 
this is apparent. The exceptions stand out conspicuously as 
specialties for some particular situation. Nevertheless, a moment's 
thought should show that tlic general problem of adaptation is 
not to be found so much in these particular occasional departures 
as in the totality of the relations of the organism to its environ¬ 
ment, which makes the perpetuation of the individual and of 
the spedcs possible. The extreme eases catch our attention, and 
their spcdal rclanou is sometimes more easily seen, or guessed 
at, than the more subde physiological processes tlut make all 
life possible.'* 


2 , AOAJTATION AND FUNCTION; TYPES AND EXAMPLES 
OF ADAPTATrON 

Adaptation and function are two aspects of one problem. We 
may amplify this statement by reminding ourselves that the 
problem of adaptation is merely the problem of functional 
efficiency seen from a sliglitiy diffcrctit angle. Thcic arc certain 
basic functions, sucit as assimilation, reproduction, and reactivity, 
which arc inherent in the nature of living matter, and can thus 
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hardly be called adapiadons. But any of them can be specialized 
or improved in vaiioLis ways during evcdurioii to meet the 
needs of the organism. The faet+ for instance, dtat our gastric 
glands begin to secrete wlicn our nose or eyes are stimulated by 
the smell or sight of fciod+ is an adaptation conarmed with 
asdnulation Just as is die ebboratc stmctural runiinatiDg mechan¬ 
ism of the oxen and their allies. 

The distinction between basic property and superposed adapta-^ 
tion may be well brought out by a historical example^ Weismann 
considered the property of regeneration to be a special adapter- 
tionp acquired during the course of evolution by such animals 
as were especially expt^sed to Joss of limbs or other damage. 
Experiment^ however, failed to confiriu this conclusion: for 
instance, Morgan found dtat the abdoinlnal appendages of 
hennic^rabsp though ngnoally protected by the hard tnoiluscan 
shell inhabited by the animal, regenerate just as readily as die 
exposed big claws or walking legs. Further, on general grounds 
it became more and more obvious that regeneradon depended 
cssenriaDy on the basic capacity of living matter for rcpcodue- 
rion and growth, Rcgcficration is to-day universally looked upon 
as one aspect of an inherent quality of life-, and the chief probletn 
set by it to biology is not how to account for its presaicc in 
lower forms, but how to explain its restriction and absence in 
higher types. 

Frcquciidy associated widi regeneration, however* b the faculty 
of autotomy or sclf-mutUadon, whereby an annual detaches a 
limb, like a lobster, or a tail, like a lizard, sacrificing a part rather 
than risk the whole. In most eases autotomy takes place at 
definite spots. The higher criisEacea Itave special hrcaking-joiiits 
which enable them to throw off dicir claws and kgs easily and 
widi hardly any Joss of blood; similar but less rigidly-predeter- 
mined breaking-joints occur in luards" tails, k appears quite 
clear chat whereas the regeneration of a lobster s claw is a survival 
of a basic property of life, irs autotomy mechanism b a more 
special adaptation—Eo the risk of die animal being unable to 
escape if it is seized by die claw, and Eo die dangers of loss of 
blood if the exposed claw is damaged. 
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In addidon to the basic functions, others may aiisc in the 
ccfune of evoludcm to meet the needs of the particular type. 
Thus active locomotion is absent in most plants; and colour and 
patrem can only play an adaptive rok in relation to higher 
animals with their elaborate sense-organs. 

Prom the point of view of selection, adaptations fall into two 
categories—those of preadaptations fitting an oiggmism for a 
different environment or mode of life from die outset (p. 449). and 
adaptations in the ordinary sense, gradually evolved within the 
normal environment, whether stable or changing, 

A biological classification shows that adaptations fall into a 
few main groups. In the first place there are adaptations to the 
inorganic environment. Some of these, like die temperatun:- 
adaptadon of local races in EhostfphUa (p. 191), or in frogs as 
described by Witschi (p. 235), or of tropiral as against arctic 
oiganisms, may be of a general physiological nature, unrevealed 
in any structural peculiarity. Others, like the climbing and para¬ 
chuting habits of animals in tropical forests, or the black or red 
colour and the luminosity of deep-sea animals, are more special¬ 
ized. Hesse and others {1937) in their Etoic^kal Animal Geography 
liavc produced an imposing array of the general types or regu- 
kneks of adaptation impo^ upon various types of fauna bv 
the peculiarities of their inorganic environment. Frequently we 
can deduce an animal's mode of life and habitat from the struc¬ 
tural adaptation which it possesses. Occasionally we may be 
puzzled, but find that fuUer knowledge solves the puzzle. Thus 
the association of prehensik tails, indicating arboreal life, and 
fossortal forefeet indicating burrowing habits, in some of the 
South American aincaters, appears a paradox, until we ictnenibcr 
that the fossorkl claws are needed to open up the nests of tree- 
termites (sec Emerson, 1939, p. 293). 

Next we may take adaptations concerning tiic organic environ- 
irtcut—covering the functions of protection against enemies, the 
pursuit of prey, reaction against infectious disease and parasites, 
and the like. These am essentially interspecific. We also find 
intraspecific adaptations. concerned with competition or co¬ 
operation between individuals of the same species, e,g. the rapid 
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growth of many plant seedlings^ and die recognitioii marks of 
gregarious mammals and birds. 

Finally there are adaptations of a more mtemal nature^ con- 
cemed with impEovement in fiincdcm sudi as digesdon or 
excretion i or with general co-ordmadotii whether by nervous 
or endocrine means; or with the regulation of the internal 
environment. Reproduction may also be considered in this 
category. As examples of these various mtomal adaptations we 
may take the adaptadon of the form of die digestive tract and 
the kinds and quandtics of enzymes produced by it to the type 
of food normally eaten; in nervous co-ordiiiadon^ we ne^ 
only think of the inborn mechanism whereby every time a 
limb-musde^ is stimulated to acdoi* its nom^ ant^nist is 
inhibited and relaxed, enabling the comracdon of the other to 
be more efieedve; in internal regulation we may rake the 
astonishingly dchcatc mechanism whereby the addity of the 
blood is kept constant in higher mammals; in reproduction we 
need go no further than the human spedes and reflect on the 
mutual reaction between early embryo and uretui by which 
the cUboratcly-oTganizcd placenta k pr^uced 

These various classes of adapudons of course overbp and 
mrergrade. None the an enumcradon of them is useful in 
reminding ourselves that adaptadons are nothing eke than 
arrangicmcnts subserving spedatized funedons, adjusted to the 
needs and the mode of life of the species or type. Most adapta¬ 
tions bcionging to our first two categories subserve functions 
usually called ecological, while the functions of most of those 
in the last group are physiological The concept of function 
has for so long been the preserve of physiology in the restricted 
sense chat we are ape to forget that ecological function is of 
equal importance to the spcdcs. 

Our enumeration wd! also serve as a reminder of the omni* 
presence of adaptation. Adaptation camioi but be univenai 
arn^mg organisms^ and every organism cannot be other chan a 
bundle of adaptations, more or less detailed and cffldcnt, co¬ 
ordinated in greater or lesser degree. 

On the ocher hand, adaptations subserving diflerent functions 
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inay be mucually destmerive^ r+g* Iiigli speoaliz^don for sexual 
ilisplay is itntagonisdc to crypdc rcsemblanoe. In such cases, the 
baknee between die opposing tendencies will vary in a very 
insmictive way according to die ecology of die species (see p. 426). 
Ajtihcini selection, as so often^ provides valuable parilMs. Tbus 
some breeds of dogs, such as bulldogs and St Bernards, owe 
tbeir appearance to genes syhidi arc on dbe verge of inducing 
lethality» and can only be retained by selection of compensatory 
modifiers (see p. 71), Again, very high itulk-prodiiong capacity» 
rapidiry of growth, or extreme confomiation for meat purposes 
in caede, pigs, ctc-i may be dose to the limit of pJiysiological 
possibilities^ in inferior envirODments (backward tropical regions) 
animals of this type cannot main rain themselves, so strong Ls 
counter-selection* 

From the inexhaustible array of possible examples^ we may 
select a few which have been subjected to quanfitadve analysis, 
which are unfimubar or striking, or arc of particutar importance 
for evolutionary theory. 

A- H* Miller (1937) has anal^'sed in detail the structura! pecu¬ 
liarities of the Hawaiian goose [Nfiochm sanJvktmis)* Thb is 
an endemic of die Sandwi^ Islands, and exhibits specialization 
towards a non-aquadc running and climbing habit, with restric¬ 
tion of fiying pourer and absence of migration^ Its habitat is 
arid, and not only docs it appear never to enter wateri in the 
vrild state, but never to drink it except in the form of dew. 
In correlation with its specialized habits, the w^ebs of the feet are 
reduced, the legs increased markedly in rcladve sn^e' a nuinbcr 
of muscle and tendon characrers (quite different from those 
prominent in forms specialized for swimming) promoK walkitig 
and nmning ability, while the long and Bexible toes, with the 
large plantar pads, help it to climb among the steep irregular bva- 
flows; the wings and sternum, on the other liand, are definitely 
reduced. This example ts of course much less striking than many 
classical cases, such as that of the giraffe or the mole, but it Ulusr 
traces the general adaptive correlation of structure with habit, so 
dearly set forth by Bdker (1924). Similarly die thrashers {TOX0- 
^^iJif) arc adapted to digging (Engels, 1940). 
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From a mber diJSercnt poinc of view the exJuiudve work of 
Sick (1937) ii worth mentioning. His detailed analysis of feather- 
structure in flying birds demonstrates that feathers exhibit adap- 
taciotis for eSiciency in flight down to the smallest and nrost 
unexpected decaiU of structure and interconelatioii. 

Desert animals show inccrcsnng behavioural adaptations 
against high winds (Buxton, 1923, p. no), Tlius various desert 
butterflies spend most of their active life flying about inside quite 
small bushes, in order to avoid being blown away; and various 
desert birds, like Clot-bey's lark (RJumptwcorys clot-be/), fortify 
die rim of their nest with ramparts of pebbles. 

Our next set of examples concerns adaptations for the per¬ 
formance of a function overlooked by most biologists, that of 
toilet in mammals, on which Wood-Joncs (1939^) has just 
published a valuable essay. 

The most intetescing cases arc concerned with the care of the 
coat. Ungulates lack special structural adaptations for this func¬ 
tion, and substitute the crude method of the rubbing-post, com¬ 
bined with a very restricted applicadoa of the tongue, and in 
some instantas with the almost equally crude use of horns or 
antlers. In Equidae the subcutaneous musck-shcct is highly 
developed so as to be capable of strtmg twitching; this, while 
mainly directed against flies, has a subsidiary toilet function. 

In various mammals the tongue is the chief toilet organ. Its 
greatest specialization for this function is seen in the Felidae, 
among which it is much rougher than in other mammals. 
Wood-Jones seems to be correct in maintaining that this rough¬ 
ness has been evolved primarily as a brush-and-comb. In regard 
to behavioural toilet adaptations also the cats are spcdali^d: 
they are the only animals to lick their paws and use them to 
reach parts of the head not acccssibk to the tongue. Other 
organs that may show special toilet adapudons arc the teeth 
and the feet. The most remarkable of these are the procumbent 
lower incisors and canines of the leniuxs. These have all become 
serangcly modified both in shape and position, so that they 
constitute tf most efficient six-toothed comb, the downward 
strokes of which arc well suited for dealJtig with the animals' 
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thick wooUjr fur. Furtltfr, just as cornl^ need clcanutg, so do 
these teeth: this secondary toilet function b catiicd out hy an 
abnormally developed suhlingua. It should be noted that the 
development of teeth as toilet adaptations ii» lemurs is coirebted 
with the almost complete substitution of nails for claws on 
their digits. 

The unrelated “Hying lemur”, CoU^pitkeius, and the bats arc 
also precluded, ibough in another way, from the lull use of 
tlieir feet as toilet organs; and Wood-Joncs points out that they, 
too, have lower hont teeth which appear to be adapted as combs, 
thot^h in a diflerenl way from the lemurs'. In Ceieopitheais 
there is also a secondary toilet or^n, in the shape of the serrated 
front edge of the tongue, which acts as a toodi'-brush for the 
peednaced teeth. The toilet function of the special teeth has roc 
been observed here as it has in the lemurs, but may with reason^- 
able certainty be deduced. 

In marsupials, Wood-Joncs has observed that the polyj>roto- 
donts use their indsors as combs, so that the small size, large 
number, structure (and in some cases position} of dtesc may be 
regarded as toilet adaptations, thou^ the hind feet arc also 
employed (as we employ bodt brush and comb). The few large 
indsors of the diprotodonts, on the other hand, ace iU-suiced 
for this purpose, and not employed in the toilet, Here, the 
united but much reduced syndactylous digits of the hind feet 
appear to be of use solely as toilet instruments. As with the 
teeth of the polyprotodonts, their size and shape arc correlated 
with the length and type of fur with which they have to deal. 
The bandicoots (Peramelidac) app^ to be an exception, since 
they arc polyprotodont but syndactylous. But observation shows 
that the shape of their teeth is not adapted to acting as a comb, 
so chat the exception proves the rule. 

Dusting instincts arc among the important toilet adaptations, 
and may restrict habitat (e.g, in Dipedomys: Dale, 1939). 

Among the otlit-r cases cited by Wood-Joncs we may mention 
the special bristly brushes on the feet of certain bats.* But enough 

* AaualJy tbc mott cUbontc of all » umual loikt adaptarioni an (bimd in 
bi^r icnecu, tudi as ants and beta. 
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lias been said to show the common characteristic of a particular 
type of adaptatioTi. It is concerned with a function: the functioti 
may be carried out hy difTerent organs or combmatioru of organs 
in different forms: and the concerned sliow diticrenc 

degrees of structural modificacion correlated with efficiency in 
carrying out the function. 

A w*ord may here be devoted ro the nest sanitation of birds, 
as diis is a goixl illustrarion of an adaptation with two points of 
speda! irucrcs£“-it is transitory, but unlike other transitory adap¬ 
tations such as the foetal membranes of anmiotes, the egg- 
toodi of birds, or the larval stracrurc of ediiuodcrnu^ it is 
wholly or mainly a matter of behaviour, in almost all birds, the 
nest-cup shows a degree of elcanliness which is astonishing until 
one reflects on the impossibility of rearing a brood of nestlings 
in their own fiiih* This clcaiilinc^ is secured in various wap. 
In some forms, such os birds of prey in the later nesding stage, 
die young defecate only after hacldiig up to the nest-rim^ in 
diese, spcdaJly developed muscles emure that tin? faeces arc 
projected well clear of the nest In most passerines (and some 
other forms), the droppings arc encased in a gelatinous sac 
secreted by the nestling s intesdne. This makes k easy for the 
parent bird to handle the droppings, which arc either eaten or 
carried away to a distance. In some eases they are eaten while 
the nestlings are small, but removed when they grow larger^ 
and in still other cases (e.g. starling, wren, swallow) a third stage 
is added ui which die young evacuate backwards^ dear of the 
nest. In some woodpeckers^ the parents mix the nesdings’ excieu 
with sawdust to fadhtatc handling. Young kingflshcis appear to 
use the iniiemiOH part of the nest-tuimcl as a latrine. In various 
species with domed nests, such as the willow warbler 
$(&pus trodiiitis)^ the nestlings ejert their faecal sacs on to the 
outer rim of the nest, outside die entrance hole and to the side 
of it, whence diey arc removed by the parents. But perhaps the 
most intcrestiiig fact is that in many species die ncsditigs will not 
defecate uridl the parent taps the cloaca with its beak, often 
awaiting relief for long pem^ with upturned posterior! All these 
adaptations cease to operate, whether in parents or nestlings, as 
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soon a$ the young birds leave the nest (Blair and Turket^ 194*) 
The delicacy of transitory adaptadon is shown by the brva+ 
jaws of the parasitoid Clyfid harskatifr (Canicron, 1938). These 
are feebly developed in the second and third instars, when only 
fluid food is taken* but are powerfiil in the firstt when they are 
needed for cclosion. and the fourthp when they arc required for 
feeding on solid food and for ^ting a way out of the host. 

In conclusion, we may mention some cases of adapution for 
display among birds. Stonor (1936* ^ detailed 

an^ysts for the birds of paradise (Paradiscidae) and shows 
conclusively that die remarkable variety of dispby structures 
and the equally remarkable variety of display attitudes found 
in the fain^ are invariably combined to produce the maximum 
of visual effect. Two examples must suffice. The rifle-bird, 
Epimachiis {Ptitarhh) peirtfrftsed, has a display quite unhke that of 
any other member of the family^ in which die wings are spread 
in butterfly fashion; and die effect is enhanced by the broadening 
of some of the wing-feathers, resulting in a broader and more 
conspicuous wing. Again* the lesser superb bird of paradise 
(LupAmofl siiperhdjt has two small patches of specially iridescent 
feathers on the ht^. For display* diesc ate erected in such a way 
as to catch the light and appear as biilhant false eyes. 

Stonor {1940) gives an equally illunaiiiadng functional analysis 
of the displays of the pheasants and their allies (Phasianidae). 
We may cite one little*kiiown example. In Bulwer s pheasant 
iiilii/eft), the hinder feathers of the con^pressed tad 
arc stiff and project downwards. In display, they arc rapidly 
drawn through the dead leaves of the forest floor, and enhance 
die striking visual eflect by means of sound (Hcinrodi, 193 
Among the heronsj 1 have myself studied the display of 
the Louisiana heron (rir<*fcr) and the lesser egret 

fftwle). Both have a crest, somewhat lengthened neck>* 
feathers and special feathery aigrette plumes on the baclL How¬ 
ever, the latter arc much more highly developed in the egret, 
dte crest and neck*feathcts in the heron. And in correbtion with 
this, the egret in dispby bends down so as to render the fan of 
filmy aigrettes conspicuous;, while the heron erects its head and 
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neck, and the visual effect of the display depends mainly on the 
crest and inuch-hristled neck-plumcs (Huxley, 1925/1). 

Conspicuotisiicss is an essential of djspby: but this funedon 
runs counter to the need for concealment. The Fccoiiciliation of 
these opposing sclccrivc tcndeiidcs is effected ui various inter¬ 
esting ways (see Huxley, 193Sr). Where the need for visual 
conceal men t is least, as in dense forest, selection for conspicuous- 
ncss can have full play. It is certainly no coineidciice that the 
most brilliant secondary sexual characters arc found in forest 
forms such as birds of paradise, peacock, most plKasants, trogoiis. 
urany humming-birds, etc. (Stotior, 1940). Where the need for 
more concealment is greatest, as in defenceless birds of open or 
relatively open country, display-coloration may be wholly absent, 
as in die skylark (Ahtula arveutis), and visual sttmuUdon must be 
effected solely by striking bdiaviour. In otlicr eases, as with die 
prairie chicken (Tympaaucbits cupido) of tijc American prairies, 
a compromise is effected by which the display characters arc 
normally invisible and the bird is markedly cryptic, but become 
strikingly conspicuous (in this case by expanding of concealed 
patches of bare yellow skin on cttlicr side of die neck, until they 
look like half-oranges) during the display itself. The great bustard 
(Oft* tarda) of the European plains is another striking example, 
which, by inffating an enormous throat-poodi and everting the 
wings to show normally coticcalcd white feathers, tratisforms 
itself Irom an inconspicuous to a highly conspicuous ol^cet 
during its display. 

Finally, the difference tu reproductive habits in birds makes it 
possible to calculate the differing selective advantage tiiat accrues 
from success in mating (Huxley, 193 Be and fc). We may distin¬ 
guish fractional, unitary, and tnultiple reproductive advantage, 
Iractional reproductive advantage is provided by stimulative 
characters whose effect is merely to raise the reproductive eflfi- 
dency of a single mate. Unitary reproductive advantage accrues 
to monogamous fonns from characters adapted to securing a 
mate in die first instance; the male bird either secures a mate 
and reproduces, or docs not do so and fails to reproduce. And 
multiple reproductive advantage accrues in polygamous forma 
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from diaractcrs adaptcci to seairing mates and in promiscuous 
forms from those adapted to securing tx>idon: success here 
means transmitting successful characters to the oBspemg of many 
mates instead of only one. In correlation with thrae diilerences 
in selective value, characters with a fractiotial advantage, like 
display-characters in monogamous ccrritorial passerine birds, in 
which display occurs oniy after a mate has bccu secured, arc 
never very strongly developed. But in such forms a number of 
males regularly fail to secure a territory and a male; and the 
characters concerned with securing this reproductive advantage, 
such as song, are striking and may appear exaggerated or “hyper- 
tclic'*. RnSly, where muldple reproductive ^vantage esdsts, 
display characters and display behaviour normally itach an 
cxcraordbiary pitch of exaggeration, as in ruff pea¬ 
cock various pheasants and grouse, birds of 

paradisCp ctc,^ and the display-characters may even be clearly 
disadvantageous to the individual in all aspects of cxisEcnce other 
than the reproductive, as in the train of the peacock* the wings 
of the argus pheasant (Huxley and Bond, 1942, Proc. ZooL Soc* 
A.j: 277)* or the ptuines of some birds ot paradise {and see p, 484)* 

The giant panda (Aihiropoda railaiwkaea) has recently been 
shown to possess an unexpeaed structural adaptadon co its 
special feeding habits (Wood-Joncs* ^93 9^)* As is well known, 
this aberrant carnivore lives almost exclusively on bambocH 
shoots* In order to hold these properly while feeding, the sesa¬ 
moid bone on the radial side of the hand has been much cnbrgcd 
and furnished with a regular articulation with the scaphoid 
bone, and a muscle which uonually runs to the base of the poUex 
has become diverted to it* The sesamoid with its overlying 
homy pad has thus become modified into an organ functioning 
as an opposable thumb. The actual poUex was apparently too 
specialized to be modified in this dirccriou. Through this re¬ 
markable adaptation the giant panda has become endowed with 
delicate grasping capacity' far beyond that of any other member 
of the order^ though the common panda 
shows some modification m this directiem. 

As one more i:xainple of this type of adaptation w'C may take 
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the external cars of the nocturnal btisb-habies These 

arc very much enlarged^ to catch and concentrate sound-vibra¬ 
tions. They are also mobilci like the enlarged pinnae of many 
other mammals, thus ensuring a considerable degree of direc¬ 
tional hearing. Finally they {together with die ears ol other 
loiisoids^ but to a greater degree) are unique in having transverse 
dUconctnuidcs in the carcUagcs which cnahlc them to he rapidly 
folded up, thus obviadng damage to the delicate pinnae from 
contact with branches, etc. (Osman Hill, 1940), Here we have 
thxec sets of modlfteadons ail subserving one adaptive function. 

A icccnt study by Thorpe (1936) on the Ufe-liistory of the 
chalctd Eticyrtus tff/effx, parasitic on a scale insect* will serve as 
an example of an imusual adaptation. On teaching its fourth 
instar, the parasitic larva changes its position and becomes in¬ 
vested with a membranous sheath produced by the host. The 
sheath then becomes arcached in an cmaotdiitary manner to the 
main lateral tracheal trunks of the host, in four (or six) separate 
places dose above the larval spiracles, in such a way that air can 
pass through, suid the parasite from then on respires at the expense 
of its host. '^Tbe conclusion that the whole structure is an adap^ 
tadon for the respiration of the parasite seems inescapahlc.'" 

Such "induced adaptation^’, udlking die tissues of a host 
organism, is of course also found in gall-producmg animals; 
the galls they produce may be highly elaborate structures, clearly 
adaptive in protcetbg and shcltcxing the parasite. To quote 
from Went (1940], "The complexity of the smictures induced 
by the gall insem b often astounding. The central part of the 
gall with the insect in it may become detached afrer it is full 
grown. Then the insect will be released from thb box dirougb 
opening of a pre-formed lid. . . . The Inside of the larval 
chamber b often lined with ccUs very rich in proteins.'^ 
Adapration is as normal in instinct as in structure. The Jiost-selec- 
rive instincts of parasitoids hardly ever miscarry (W. R Thompson, 
1939); the specificity of mch instincts b secured by udiizbg a 
distinctive combination of a few sensory dues (Russell, 1941), The 
curious roosting instincts of the hombiU Laptweros mlmottuios 
(Ranger, 1941) arc adaptadons to secure its nocturnal safety. 
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Adapution is just as often marnfest internally as externally^ 
in improvement of some physiologica] function as in better 
adjustment of some obvious external character like colour or 
pattern to the environment- Thus, to take a recendy mvesri- 
gated example* the giant nerve-fibrra of various cepkalopods 
constitute an adaptadon for quick and sLmulmneoiis contracdon 
of the mande to expel a jet of water (Puniphrty and Young, 
193S). In the size of the fibres is graded, Larger fibres 

being found in lougjcr tiervesi **dus is apparently a further device 
for sirring more neatly simultaneous contraction". 

The adaptadon of parasites to their hosts comprises a wide 
range of physiological features, among which the degree of 
virulence may be singled out here. As is well known, many 
paiadtcs are only mildly or not at all pathogenic to their natural 
hosts, though extremely virulent when given the opportunity 
of attacking ''vitgm'* hosts* e,g. the trypanosomes of wild game 
when they obtain a footing in domesde cattle. While this is in 
part due to an adapdve increase of resistance on the part of the 
hosts (cf the resistance to measles, etc., of human populadons 
which have been long exposed to the disease, while unadapted 
populadons exhibit a high moitality)^ it may be in part due to 
the parasite devdoping an adapdve lower degree of virulence. 
For it is obviously a disadvantage, from a survival standpoint* 
for a parasite to kill its hos^ so that strains of too high virulence 
will tend to eliminate themselves. 

Adapudons to symbiosis are sometimes very sttiMng, Thus 
numerous animals arc enabled to exist in wood by nrUizing fungi 
which brede down the wood and probably also act as a source 
of food for the animaL Special pockets arc often produced by 
the animal, in which a supply of the fungus is carried. This 
occurs for instance in the lai™ (probably only die females) of 
the wood-wasp Sirtx (Parkin* 1941)^ for numerous other 
examples^ see Buchner s book (1928). That the special oigans are 
definite adapnitions for ensuring a constant supply of the sym¬ 
bionts cannot be questioned- Tridacna has remarkable adaptadorts 
for exploiting algae (Yonge* including lenses for increasing 
photosynthesis- 
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Again, the comparative study of respiratory pigmmts aud 
respiratory behaviour in animals has revealed a series of respiratory 
adaptations way of Htc (see p. 43 5j. R.ccetit work on aniinals 
with ciliary feeding has similarly revealed die cxiseence of diverse 
and elaborate adaptadons adjusting die ciliary mechanism to 
diflcrcnt modes of life, (cf. Yonge, 193$^}. 

The total range of dicsc functional devices is very large, and 
(once the hypothesis of speda] creation is ruled out) can only 
be ascribed to accurate selective adaptation. We need not 
continue the list: it would be almost cotemiinous with the data 
of comparadve physiology and physiological ecology. 

3. REOUUaiTIES OF ADAPTATION 

The perusal of such a work as Hesse, Alice, and Schmidt's 
Ere%iVre/ Animaf CecfgTaphy (1937) shows that the study of 
faunas and floras confined to particular habitats will invariably 
reveal certain recurrent peculiarities. Somedmes these recurrent 
characters are obviously, or at lease pritm fade, adapdve, like the 
coloration of desert or pelagic forms, the prevalence of special 
touch-organs and of luininescencc in the deep sea, webbed feet 
in aquatic birds and mammals, or prehensile tails in forest-living 
vertebrates. In other cases they are cottelated characters in, 
I>arwin s sense; this applies, for instance, to some (though not 
all) of the reduedon in relative size of exposed parts like cars 
Or limbs, in subspecies or closely related species of mammals 
from high ladtud^ (p. 213). In sdll other cases, their significance 
is doubtful, but even then the fact of their correladon with a 
pardcular habitat must be of some significance, and points the 
way to further analysis. 

We have already inendooed certain tcgularidcs of variation 
in. discussing cliiics (pp. 211 scq.), and given reasons for believing 
that most of them were genetic and adapdve, though the visible 
characters cCmccmed might of^ be only correlates of the 
invisible physiological adaptadons. 

In other cases, we cannei be sure whether the regularities 
arc genetic or purely modificadonal. Among these we may 
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mention the paiallel vacation seen in many tthxci species of 
fish with decreasing salinity (see e.g* Mobius and Hdneke, iSSs), 
die tendency of frcsh-watcf mussels to be more globose in larger 
waters (BalL» 1^22), or the increase in thickness and spinosity 
of shell in the river snails of the genus h as one proceeds down- 
stream (AdamSp 1915). One must therefore suspend Judgment 
as TO die aclaptivc nature of such legularides pending experi- 
nicmat atwJysb. 

As illustrating generic regularities, we may take dtosc of desert 
grasshoppers (Acrididoe), as described by Uvarov {1938). This 
example is perhaps specially pertinent, since Uvarov is an 
opponent of all adaptational interpretations. He disEinguishes 
four main faunas within die major cliniadc habitat alTordccl by 
desert—die deserdcoious proper, uthabiditg bare open ground; 
the saxicolous, inhabidng the rouglicr habitat provided by die 
rocky slopes of low eroded dc^rt mountains; the arbusdeotous, 
inhabiting the xciophilous shrubs of many deserts; and the 
praminicolous, mhabitmg the perennial grasses of certain desert 
plains. These four types differ markedly in body-shape* Tlic 
dcscrticolous forms have a depressed bexly (measured on the 
metathorax) widi widdi-height ratio from 10 to z o. In saxi^ 
colous fonriis the ratio is from 0^7 to i ^o, inucli of the height 
being due 10 a prominent narrow dorsal crest. Arbusticolous 
fom\$ have a similar ratio* though without the crest; and 
the graminicolous forms have the most compressed bodies 
of alk 

In addition* dcscrricolous forms tend to be hairy, with puiic- 
ciircd, wrinkled, or otherwise sculptured surface* and close 
resemblance in colour to die soil, often coupled widi flasli 
coloration in the hind wings and legs. Most of them are gcjcKi 
fliers. In $axicolous forms, die sculpturing is niucli coarser (Hie- 
above-menrioned dorsal crest being itself an example of this), 
and there is a considerably higher percentage ol fliglidess forms. 
Coloradon is simibr to that of the first group* Arbnsiicolinis 
forms pissess "climbing legs”* wliich differ in dicir pn^ptirtions 
from die jumping legs of die firht tw'o typc^\ diey also exlubh 
concealing coloration^ wliich liciei however, lends 10 Ik grevish- 
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green. Finally^ in the giaminJcolom forms hairiness and surface 
scdpcurc are usually negli^ble, fla^ coloration is absent, and 
general coloration is that of green or dry grass, frequently with 
the sharply-dcfuied light longitudinal stripes that Cott (1940) 
has shown to he obliterative in grassy habitats. 

In spite of Uvarov’s anti-adapdonal bias, it would seem clear 
chat in these various &unas coloration, both general and Bash, 
body form, and body sculpture are all adaptive. If the fonti of 
the legs in the arbusticolous forms can be designated by the 
functional term of''climbing'", it would seem natu^ to designate 
the coloration as “concealing*'. The high pilosiry of the open 
desert forms merits further study. 

Another excellent recent example, the result of easeful field 
study of a fauna inhabiting a region with w'cU-inarkcd ecological 
characteristics, is the work of Linsdalc (i£ij8) on the avifauna 
of the Great Basin in the western U.S.A. The region is arid, 
the cUmate severe, with prevalence of strong winds and some¬ 
what scajity and usually low vegcudon; the ^tribudon of most 
birds therefore tends to be more scattered than in mote luxuriant 
surroundings. The preponderating chaiaoers of the passerine 
birds correlated with those environmental features are as follom: 
a great development of dight^songs, in relation to the scarcity 
of high perehia^ a high percentage of protectively-coloured 
adults; a tendency for both nestling plumage and ncst-lining to 
be pale-coloured, in order' to reBcct excessive light;* strong 
powers of Bigjit, to cope with the wuid; a high proportion of 
species are migratory, in relation to the severity of the climate; 
songs and calls are unusually loud, to compensate for the scattered 
distribution of individuals; long-Tange vision is unusually acute, 
partly for the same reason, partly in correktion with the lack 
of obstruction by vegetadon; a high proportion of forms nest 
on or close to the ground. 

Dice {ip4oi) calls attendon to adaptive regularities among die 
subspecies of the tingle genus iVnwffysmr, and we mention eke- 

* LuikUIc (ivjS) has iho shown ibai the opponte eondidoni ate cgrTtlaccd 
with d«k not-liiiin^ aitd fKilicathiK tbe maximum 

ihsorptkm of beat. 
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where (p- 214) the simikf: rcgulaiides is the Australiai] bird 
AcofithUff. 

We have already refitted to the frequent coreckdon of general 
tint with climate (Gloger^s rule. p. 273)* Meinemhagen (1934) 
gives a good example of this, in the darker plumage of a number 
of bird species in the Otirer Hebrides. He concludes that reduioccl 
sunshine and increased atmospheric humidity, rather than higher 
mnfal], are the meteorological facton responsible. 

Mcincrtihagcii (1919) also points out that in migratory species 
these regularities arc correlated only with the climate of the 
fareeding-quarterSt not at all with that of the winter-quarters. 
This may be due to the greater intensity of selection during the 
bieeditig-season (cf. p. 212). 

Buxton {1923, ch, 7) gives a valuable summary of the colora¬ 
tion of desert animals^ but his rejection of their cryptic selective 
value is much too sweeping. Though doubtless many instances 
of sandy pallor in deserts are examples of Gloger's rulcp and 
correlated primarily with climate, many others are certainly 
ayptic. HU objection that normally invisible areas* such as the 
soles of the ft^t m mice* am of the same colour as the visible 
part> may be accounted for by "correlated variation", the entire 
colour being afiected except where selective counter-reasons 
exist. In general^ pigmented cbitin is tougher, more heat- 
absorptive, and less permeable to water-vapour. This accounts 
for various regularities of uisea distribution (Kaimus, 1941 if), 
e.g. the frequency of black desert species (p. 45 1), and the increase 
of pigmentation with altitude and latitu de. 

It should be mentioned here that some bird species have been 
experimentally darkened by exposure to buntid conditions. The 
most interesting case for our purpose hMuma JiavipTymna^ a 
desert form of weaver from Australia (Sctb-Sniith, 1907). 
The dark exprimenta] modiBcation of this form, though racbt.T 
variable^ is somewhat similar to a dark form fomid in nature in 
a more humid region of Australia. It was at first concluded that 
die dark colour of tins latter form (which was treated by Seth- 
Smith as a distinct spcici, but is tCHday regarded as subspecific) 
was itscU only modifEciitional. It U much more HkcJy* however^ 
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especially in view of its greater vambiliry, that the experimemally 
darkened desert foim was what Goldschmidt (c.g. 1^40) calls 
a pkenocopY of the genetic darkoiitig of die siibspedis from the 
humid region. If so, the two contrasted forms imy have arisen 
by organic selection (p. 304), genetic adapudou having tcplaecd 
an original adapdve modification. In any case it is worth noting 
that other climadc colour-forms are not modifiable in this way. 
Thus Sumner {1932, p, ad) could obtain no darkening of 
pale forms of desert Pcfomyscus in more humid condidons, or 
lightening of dark humid forms in drier conditions. 

When adapdve regularities exist, any exceptions to them 
immediately attract actendon and call for analysis. For instance, 
the conelation of some sort of webbing on the feet with markedly 
aquadc habits is all but uuiveisal in birds. Ducks, geese, swans, 
gulls, tems, petrels, frigate birds, pelicans, cormorants, gannets, 
and the like have either three or all four toes joined by a web; 
coots, moorhens, grebes, and phalaropes have lateral lobes on 
each toe. But the dippers (Cmrias) exhibit not a trace of webbing 
or any other aquadc adaptadon, although they arc restricted to 
streams, obtain much of their food bdow the surface of the 
water, and can swim on the surface. Structurally, they appear as 
ttnestrial as a thrush 01 a wren. Can there be a reason for this 
excepdon to the rule, or arc they still in the early stages of 
adaptation to a new habitat^ Their wide distribudon seems to 
ncgadvc the latter explanation. The suggestion may be made 
that they have adopted a unique type of aquadc food-nsccking. 
Many birds that frequent sttcam^ges walk some way into the 
water in order to find food: the dippers have extended this 
habit and walk on undl they arc wholly subtiiergcd. They search 
for food by subaqueous walking, and in this they not only do 
not require webbing but can get a better grip of submerged 
water-plants and tough, surfaces if their toes arc free. The excep¬ 
tion is a due to cxccpdonal habits. 

Determination of metabolism, tcmpcraturc-resistancc, etc., 
when combined with accurate anatomko-physiological study of 
respiradon and directed by ecological knowledge, often reveal 
regularities in the close adaptation of forms to their habitat. 
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As All example we may take the w^grk of Wingfield (193 9^, b) 
on mayfly nymplis belonging to various genera. Tims in 
from swift streams, the tracheal gilk do not aid oxygen-con- 
surnprion; Ln the pond-dwelling dipserum they act as an 

accessory respiratory mechanism by promoting ventilation, but 
at low oxygen concentrations only; while in the burrowing 
Ephemera they aid oxygen-consumption In all drcuni- 

seances, apparendy as true respiratory organs as well as by pro¬ 
viding ventilation. Similarly * forms from swift streams have a 
lower thermal tolerance chan those from slow streamsp while chose 
from ponds arc most resistant. Tliis is in accordance with die tem¬ 
perature extremes expected in nature (sec also Whimey, 1939). 

Pox and his co-workers (see H. M. Fox, 1939) have studied 
the activity and metabolism of poikdothemial aiuniaJs of very 
various kinds from different bdtudes. Among closely-related 
species, the one Living in higher latitudes is generally, but by no 
means always, adapted in some way to the lower tempcratiircs 
nf ia normal habitat: at a given lempcraturc, its heart-beat, 
respiratory movements, or other activity, is greater than that of 
its relative from warmer re^oiis. The same phenomenon may 
also be found as between high-latitude and low-latitude popula¬ 
tions of the same species. Differential hcat-rcsistancc also exists 
in many cases. As Fox points out, it is difficult to be sure whether 
the undoubted adaptation thus shown, enabling cold^-watct types 
to carry on the business of living at a reasonable riie, is nii>difi- 
carional, genetic, or a mixture of the two. We are probably safe 
in assunhng that, when die diffeccncc is one between different 
species and is of considerable extent, it k mainly genetic, although 
the recent work of Mellanby (1940) shows how rapid and 
extensive modificational adaptation may A critical analysis 
of d^c problem is higldy desirable. (Cf. cakicolc plauEs, p, 273.) 
J, A, Moore (1941) ha$ demomtrated a similar and undoubtedly 
genetic adapLacion in different species of frogs, dicrtc from colder 
breeding habicacs having a lower tcfnpLTarurc-<olcrauct_\ and 
faster-dcvclopmg eggs. Even the jcUy-mcinbranes and die hum 
of the cgg-inass are climatically adapted (Moore, 1940). Again* 
the field-mouse Apodemus iu correlation with its 
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dUmbudon, prefers rather lower temperamres xim\ the doscly 
related A. sylvaticus (Kalabuchov, 1939); furdiermorcp withiti 
the species, mdividuals from higher tadtxidcs preferred lower 
tempcracurcs than those from warmer regions. (See p. 271,) 

That the adaptation between geographical varieries or sub¬ 
species of a single species may also be mainly genetic is shown 
by various researches, such as TtmofSeff^Ressovsky's previously 
cited work on local variation of temperaturc^redstaiice in Dreso- 
phiL Jiifiehris (p, 191)^ but most exhaustively by the studies of 
Goldschmidt (1934, i938fi') on the gipsy moth Lymimiria Jispar, 
Here the genetic peculiaiidcs of the geographic race^ to use 
Goldschmidts own words, "harmoniae life-cycic of the 
animdp especially the feeding season and the diapause, with the 
seasonal cycle of the inhabited region". 

In many cases, notably in Japan, the lines of generic demar¬ 
cation between major groups of races are ^uitc sharp. Originally 
it had been found impossible to correlate these lines widt corte- 
sponding sharp changes in any single meteorological factor. 
Recently^ however, as Goldschmidt (193 fii) points out, it has 
been shown that they correspond with extreme accuracy with 
changes in soil type, and that the soil types in their turn depend 
upon the interrelarion of several meteorological factors^ Tius is 
a reminder of the fact that dimatc cannot be properly measured 
by variations in single meteorological phenomena^ such as tem¬ 
perature or day-length, since it inevitably represents a complex 
summarion of numerous factors; and further^ that physical 
factors Kke soil or biological featutes such as geographical distri¬ 
bution may often prove the best indicators of such sununariohs. 
In this instance, the discovery of physiological adaptations between 
subspecies of moths proved to be tbe first (and very accurate) 
indication of climatic regional differences. It should^ however, 
be noted that though the subspedation of the gipsy moth is 
thus delicately adjusted to climatep. adaptation to food plants 
may act as a limiting factor (see later for cases ofdimaric limiting 
adaptations). For instanoe, in the US.S.R., the area of periodic 
mass outbreaks of rapid reproduction of L. ilispar coincides with 
the distriburion of in oprimal food, the oak pl^t. 
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Plants, too, may show d^bc^rc climatic adaptation of geo¬ 
graphical (ccocliinatic) subspecies. Thus according to Clauscri, 
Keck, and Hicscy (1937) the coastal subspecies {wluch they call 
ecotypes) of most Cab Torn iaji plants have a cansdtutiou genetically 
haniiani2cd witli a cliniato providing mild winters and along 
growing perioci Transplanted to an alpine station, although 
their development is hastened through dwarfingp they can 
seldom or never mature any seed, and are often unable to flower 
on resuming growth in the summer. TTic alpine subspecies 
{“ecotypes'") of the same plant have a cycle related to a climacc 
of long cold winters and a short growing period, Tran$plaiitcd 
to a coastal sradon, they flower poorly or not at all, and show 
a gictierady weak appearance in spring. “The adaptive capacity 
(modificacTonal pUsticity) of coastd and alpine ecotypes is there¬ 
fore insufficient to allow either to Uve and to compete in the 
habitat of the other. It is the difference in uiheeitance that enables 
them to succeed in their respective regions/* 

The exhaustive experimental studies of Turcsson (see sum¬ 
mary in Barton-Wright, 1932) have independently led him to 
similar conclusions. In different regions, adaptations arise which 
are jointly related to cUmate and bfc-cycle. He investigated both 
summer-flowering (acstival) and spring-flowering types. In 
acstival forms, the more southerly populations showed a con^ 
siderable (generic) incre^ in hc^ht combined with Lteness, 
while alpine populations showed carhness and reduced height 
as compared with lowUnd ones. In spring-flowering forms, on 
the other hand, it is the more northerly popuiadons that show 
lateness, up to the latitude of southern Sweden; further north 
than this, carlincss is again favoured. The low-latitude caiUness 
appears to be related to the gcnctal carlincss of trees in the 
region, for it is advantageous foe the spring herbs to produce 
their leaves and flowers before the leafy canopy cuts off the 
sunlight; in very Hgh-btitude spring forms, carlincss is doubt¬ 
less conebtL'd with the shortness of the vcgct2tion period. AU the 
regional peculiarities of the plants invescigaticd arc ihm adaptive. 

Similar though less exact conclusions are rcadted by O. E. 
White (1926). Fot instance, black walnuts (/«?/<»« from 
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Miincsota arc much winttr-haniier than those from Alabama 
or T^xas, though morphologically indbnnguishable. Again, a 
high mountain ecotype of the Cedar of Lebanon (Cedrus libanf^ 
is perfectly hardy in MassadmsettSp where the norma] form of 
this species shows poor cold’-resistance. In support of adaptive 
cliniatic difierendation within the species. White dies the com¬ 
mon pracdoe of gardeners and foresters to use seed from the 
northern Umit of a sp<xies* range when wincer-haidiness is desired. 

4. ADATTATION AS A RELATIVE CONCEPT 

In cases like these* the physiological characters of the local group 
must clearly have been adjusted during evolution to the dimadc 
characters of their environments, and are thus in the strictest 
sense adaptive. But there are many examples where the evolu¬ 
tionary relation between physiology and climate is not so obvious. 
As illustratiDn wc may take some of the cases of plant distri¬ 
bution in Britain so mtenesringly discussed by Salisbury {193^). 
In the Scots pine (Pimir sylvcstris)^ pollination occurs normally 
in May* but fettilizatioD not for another thirteen months. Unless 
the temperature in both sttnuners reaches a cXTtaiti minimum 
combination the poUen-tubes will not reach the ovules. This 
provides quite a difletent set of mcteoroiogica] conditions for 
fulfilment than does the atuinmeni of a minimum level of 
temperature during one season, as would be the case for the 
fertilization of most species, and there is some evidence to show 
that it is a limiting factor for the northern distribution of the 
species. 

In many cases it is the tempratuxe obtaining during the rime 
of fruit-foraiarion* not flower-formation, which is decisive. This 
is so* for instance* with many spcdcs of the southern clement 
in the British flora, such as the common milkwort» Polygiih 
cakar^a, or the fluellin, Limria jpuri^. The form of the lifc-histocy 
may be of importance in various ways^ For tnscance* the time at 
which flower-buds arc laid down varies in diffi^ient plants. In 
daffodils it is May^ and the optimum is about while in 

hyacinths it is August and the optimum about 25^ Thus in 
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dbifodils either too high or too low May teDipcratmcs would 
uilubk €ower production, while they would have no influence 
on the process in hyajcmtb* Again, the two British species of 
Arum differ in their winter habits, the comnion cuckoo-pint, 
A. ituictilitrnift, over-wintering as a deep-situated conn, immune 
from most frosts, w^hile A. negUrttun produces its new foliage in 
December, The latter is thus readily killed by frost, but where 
it can survive^ ics winter photosyiithesis gives it an early stan in 
spring before the trees above it have developed their leaves. 
The firimh range of A. fttacuJatt 4 m extends far into Scodand, 
whereas chat of A. neglectum is restricted to our southern and 
south-western coasts. We may say that A, itegkrtum shows an 
adaptation to woodland life—but only in nuld temperate climates. 
A somewhat similar difierenoe* with similar re^ts on distri¬ 
bution, is seen betwem Salta irma and S. autmmwlis. 

Numerous similar cases may be found in textbooks of plant 
ecology. We may add a recent example from animals. Nash 
(1937) has been able to study the ecology of the tsetse-fly C WtVi^ 
mcfsit0ts both in East and West Africa (Tangan\Tka and Northern 
Nigeria)-* Both races appear to demand the same or very similar 
optimum conditions—a temperature of about 23*^ C and a 
saturation deficiency of about 6 milhbars. These conditiorts are 
much more nearly icptoduccd in the Bcrlima-Bracky^f^a wood¬ 
lands of Tanganyika than in the rather different habitat provided 
by the small residual forest islands of North Nigeria. In both 
regioexs these forest areas constitute the “true habitat” of the 
species. In the dry season, as evaporation rises the flies become 
restricted to this true habitat; but in tlic wet season they show 
a much wdder dispersal- Distribution is definitely controlled by 
climatic factors, not by abundance of game for feeding. 

In Tanganyika, the species breeds mainly under fallen trees; 
in the rainy season dispersal is very extensive^ and die comparative 
mildness of the diy^ seasons may allow it to consolidate some of 
its wet season advances and to form new fly-bclis- In North 
Nigeria, on the other hand* che species breeds promiscuously on 

* Thr W«t Afticm foirn k rdten distinguished m j jcparjtc ^pccici^ G. 
but \i bcittr rrgiirtkd m j gTCogiriphiciJ stibspedci. 
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the foicst floor (so that thelogtTAps so valuable in East AfHca are 
useless); the wet season dispersal is much less in extent, and the 
severity of the dry season is such that no new colonization can 
occur; the concentration of fly during the dry season is much 
more pronounced; the beat and aridity of the dry season is so 
great that ccctain habitats (small meadow-pans) arc never available, 
and mid-day inactivity (never observed in East Africa) occurs, 

Nash considers that tlwWest African form has remained essen¬ 
tially similar to the East African in its physiological rcquiremnits. 
^‘Having failed to adapt its constitution to the cUmatc, it has 
perforce adapted its habits; had it evolved a constitution which 
preferred a higher degree of evaporation and temperature, the 
greate r &equcncy of optimum condidems would have enabled 
it to become as widespread a pest as its East African represen¬ 
tative/* 

In a later paper Nash (1940) has applied these theoretical 
considerations ui practice. Dealing with the three spedes of 
Glomtui found in Nigeria, C. ttahineides, G. palpdis, and G. 
moTsitans, he first established their basic ccologi^ celadons, and 
then introduced experimental clearing designed to accentuate 
the severity of pcssimum condidons. With C. taeftmoides, partial 
clearing on a small scale leads to local cxterminadon, but this is 
followed by tccolonizadon. With large-scale clearing, however, 
total exterminadon is obtained. With G. palpalis, this method 
appears to be of value only in the drier parts of the species’ 
range. Finally, with G, ntorsitans, which has rather different 
ecological requirements, very extensive and ruthless total clearing 
is needed to effect exterminadon, and is not recommended 
"unless warranted by a large [human] population and abundant 
funds". The case is interesting as illustrating the practical applic¬ 
ability of an ecological viewpoint which thinks in terms of 
adapudon to enviroiunent. 

These examples from tsetse-flies are illuminating in various 
ways. They illustrate, like the plant examples previously adduced, 
the importance of inherent physiological requirements, but also 
well demonstrate the role of modification al pksddty in ensuring 
adaptadon. 
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As would be expected, pliis^cicity in this sense is more wide¬ 
spread among plants chan among animals. FoUowing up the 
pioneer work oF Bonnier (j8gs}t its extent has becii invcstigaEcd 
by various authors. Many forms have an astonishing degree of 
plasticity. Thus Clements {19^9) was able to demonstrate marked 
alpine dwarfing in lowland types of many species transplanted 
into alpine conditions. He was at first inclined to miiiimi^^ the 
existence of genetic dirfercnccs between types. Later, however, 
(e.g. Clements, 193^) he admits that species differ in their plas- 
sticity. Thus in the genus M. sibirka has no plasticity, 

wliik Af. prutcusis and M. lajiaolata can be made to resemble 
each other very closely. 

Clausen and liis ass^tes (see c.g, Clausen, Keek, and Hkscy, 
1938* 1940) have shown how complex b the intcrtelatioii of 
genetic ajid modificarionai factors in such cases. For iristancc, 
four major ecotypes (ccoclimatic suhspedcs) arc differentiaced 
in the majority of plants in the U,S* Pacific slope — a coast range, 
a lower □lOuntaiii, a subalpme, and an alpine form- Yet corre- 
sponding ecotypes of different species may react quite differendy 
when transplanted. Thus the alpbie race of tlivcFSifolid 

is relatively stunted when transplanted to a mid-altitude stadoii 
(though near sea-level it again becomes larger); but the alpiiic 
races of P. and P- gtactlis become largest at the mid- 

aldtudc station and are most dwarfed in their natural habitat: 
the alpine races of and Asttr on 

ihc otlier hands while tallest at the mid-alritudc station, arc more 
dwarfed in lowland than in alpine conditions. 

Meanwhile Marsden-Jones and TurrtU (i 9 jSj etc.), though 
failing to corroborate some of the more sweeping claims of 
Bonnier and of Clements (see discussion in Turrillp 194 ^) ■ have 
demonscrared how different is the range of niodificational plas¬ 
ticity in different species. Thus the knapweed itewoTulh 

and the kidney-vetch jdnr/iyllb arc little modifiable 

by difreieiit soil conditions, while the plantain Pkntago m^pr 
is extremely plastic. In higher ammalsp behavioural adaptation 
seems to take the place of modificational pksdcity in plants. 

In some of tiicse casesp the modification can hardly be regarded 
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as aidaptive. This applies, for iiistancr. to the stuntbg of organisms 
by unfavourable conditions as the liniit of the range of the 
spcdcs is approached. This is of course common in plants, but 
may also occur in higher animals. Thus the American freshwater 
fish Xenctis megalotis is markedly smaller in the northern part 
of its range» in corrcLdop with the mcaD temperattire and the 
length of the warm season (Hubbs and Cooper, I93j), Fully- 
grown forms from northern Michigan are 20 per cent smaJlcr 
than those from the south of the suer. Though such modification 
appears to be wholly non--gcnedc* it must alter the ecological 
ictadons of the spedes. 

These examp]^ of correladon between organic consticution 
and chmatc or habitat begin to shed hght on the problem of 
adaptation as a whole. Some climatic adaptations show high 
specialization—for instance, the run-off mechanisms of plants 
exposed to constant moisture, ot contrariwise the water-storage 
mechanisms of certain desert plants; some of tliese latter from 
the Arizona desert can store enough water to last for more than 
one rainless year—in certain eases (e.g. up to 

ten Of more! (sec MacDougal. 1912]. Other coricladons with 
climate arc more general, chough dearly adaptive in the narrow 
sense of having been accumukteil by selection over a long period. 
Here we may reckon the various adaptations of plants to cold 
winters—dedduousness in broad-leaved trKs; restriction of 
transpiration in needle-leaved trees; over-wintering as bulbs, 
conus, or seeds, etc., in herbs; g^eral resistance to low tempera- 
mxc. Adaptations of mammals in cold climata to hibernation, 
to the reduction of heat-IosS;* or to adjust the breeding season to 
the needs of the growing young, fall under the same head. For 
eicamplc, in the roedeer fertilization occurs in autunm as with 
other north wnipcratt Cervidae, but the embryo docs not 
develop beyond the early segmentation stage until spring, thus 
ensuring birth in the favourable period of early summer (see 
F. H. A. Marshall. 1910, p. 32). Similar definite climatic adap- 
utions. hut of a much more delicate nature* arc to be found 
between closely related spcdcs. or. as we have seen in Lym^w/rid, 
between races of a single species. 
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At tlte Other extreme there arc orgaiiLsim with ranges liniited 
by eh matte ti^etors* rather titan closely adjuiteJ to thenii We 
have just seen excellent examples in Cwlossim nmstiafi.i and iti 
various plants* Such forms of course show some cliniiatic adap- 
taticti—no tsctsc'^fly could exist in the atctic+ for instance, or m 
a full desert—^^btit it is of a very general nature. The correlation 
between die organism and its environiiient is in tliis respect 
neither delicate nor exact: there is an absence of the lock-aiid-key 
correspondence to be seen, for instance, in some colour-adap- 
tacions, or in Viirions devices for sectiring cross-pollination in 
plants—and apparently in the climatic relations of 
Similarly, many higher aniimls axe found in a number ofdiflfcrerit 
liabitats. Adaptation is Uicn to a range of habitat-typeSp not to 
a single habitat. Certain features in the environment (here oltcn 
in the plants rather than in physical chaxacticrs) act "as liiiiiis to 
the distribution of tl^ species, but adaptation is not close or 

detailed (see Diver, I93&* 194^)- 

The common heron (jdrdt'd' riMftr-i) shows a marked ecobiodc 
adaptation to securing food from shallow waters* hi addition^ 
it is rcstrictccl, and presumably adapted* to a certain climatic 
range. But the environment ako acts sclecrively in yet aiiodicr 
way. During exceptionally severe winters, herons may starve 
through the freezing of the waters wliich tlicy Ircqueut. The 
careful records compiled annually by the Britkli Trust tor 
Omiiholog)^ (Alexander, 1941) diat herons from colonies 
within easy range of salt water were least afiected by the very 
severe winter of 1939-40- In i94^i heron population of the 
British Isles showed a general decrease in number of occupied 
ncscst compared with the average for the previous three years. 
But whereas for inland Jicronries (more than 25 miks froni 
tidal waters) the decrease was 31 per cent and for those bctwceo 
a and 2j miles from tidal waters it was 26 per cent* for coastal 
heronries (less than 2 miles from tidal waters) it was only 13 per 
cent. Thus low^ winter lempcratuces and distance from die sea, 
sometimes separately, soiiictinics Jointly^ are bomid to be factors 
limiting the northern distribution of the species. This is borne 
out by the focts^ Tlic heron breeds up to 70^^ N* in Norway 
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buc only to 66 ^ in Sweden and w about 6o^ in the U.SpS^IL 
{Withciby, 1938-41). 

We find further that org;aDi$m5 may be adapted Co dimadc 
(and other environmental) factors either narrowly or broadly. 
Stenothennic species, for mstanccT have a narrow range of 
temperaturc^olerance* curythcrmic forms a mde one: Moore 
(1940, Amer^ Nai, 74 : 188) points out that eurythenny is very 
rare in aquatic animakt and h itself an adaptation to the fluctuating 
temperature of Lmd hfe. Stenohaline and enryhalinc forms may 
be similarly distinguished. We may extend the concept to indi¬ 
vidual plasticity by distinguishing ^^stenoplastic^^ and “cury- 
plastic” forms (p. 519). Euryplasty may grade over into general 
high viabilityt which is itself an adaptation though intemaJ or 
mtrinsic rather than related to particular extern^ conditions. 
Range of ecological habitat may also be broad or narrow. 

We must also remember that adaptadons may be very close 
and detailed^ and yet, like mimicry in Lepidopterai of 00 or 
negligible value to the spedes as a whole, $ince they have arisen 
entirely by mcra-specific selection (§ S)^ and arc thus biologically 
subsidiary to adaptations affecting general viability* resistance to 
parasitoids* etc. (see A. J. Nkholsom 19^7) p 

This is perhaps the place to mention some interesting cases 
which suggest that evolutionary adap^tion to recem ^matic 
change may now be active. I refer ro the num^ous well-autheu- 
ticated cases of steady and considesable extension of range which 
cannot apparently be put down directly or indireedy to human 
incerfcrcncc. Timoftcff-Rcssovsky (1940) dees several cases* 
of which we may mention the serin finch (Smutfi cmiarius smnus) 
and the yellow-breasted bunting aureoia)^ The former 

has since i8do extended its range northwards from southern 
France ahnost to che English Channel and from the eastern Alps 
almost to the Baltic. The latter since 1825 has extended its rangp 
w'cstwards from the Urals to west of Leningrad. SuniWly tlic 
roller (Or^rar has shown a ncuthcm range-extension 

in eastern Europe, and the warbler Arajitiwprmisie viridaim a 
westward extension vety similar to that of Emberi^a anw/d; 
whfle the black tcdsUrt {Pboofimnis cchrur^s) has more or less 
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paralklcd the serin, and the greater spotted woodpecker (jDrjwtrf/rJ 
has within fifty years extended its British range from 
south of the Tweed to the oorthermnost woodlands in southern 
Caithness (Witherhy and others, 195 8-41 ^ J. FUher, 1940c). The 
last two cases arc not dred by Timofddt-Rcssovsky. 

Meinemhagen (1919) cites other cases, such as the shore- 
lark, Erem^phila Jiava, which has not only expanded its breeding- 
range westwards, but about 1847 cscablishcd a new migration 
route, in this differing from other species which have extended 
their range in a similar way. He also mentions rhe crested lark, 
GdleriJd as an example of the same phenomenon on a 

more extended time-scale, and accompanied by subspedarion. 
The fulmar petrel (fHlmdniJ g. gl&ciatis) has shown a marked 
southern exceniion of range within the last sixty years along the 
coasts of Britain. The old supposition that the spread was LnUiated 
by a reduction of human depredations seems to be erroneous 
(J. Fisher, i94X>d, b\ Fisher and Wartrston, 194^)* 

Among Lepidoptera, the moth P/wne mcneia, first recorded in 
S. England in 1S90, is now common there, and has reached 
Scotland (South, 19J9). The comma butterfly, P^lygoiua c-d/fcniw, 
hardly known in Bricain outside Gloucestershire, Monmouih- 
shire^and Herefordshire before 1920, has since markedly extended 
its range E., S,^ and N. {numerous report in The Entomohgiit)- 
[t may be suggested that, whenever the effects of human 
interference can be shown not to have been operative, such 
range-changes will generally be the result of a changed ecological 
adaptation. The ranges of forms like the fulmar would be much 
restricted by the amelioration of climate since the last ice-age, 
and any genetic changes in tempera ture-tolcrajicc or ticst-^ice 
scIccEton which enabled the species to regain some of the lost 
ground would be subject to positive selection. The other species 
mentioned are extending into milder climates: here presumably 
a cliinatic pfcadaptarion was already present, which changes in 
habitat-preference or ncst-sitc selecrion have finally enabled tiu: 
species to utilize. The matter is a complex one, however, and 
needs thorough investigation before we can conclude that the 
range-changes are the result of adaptive change. 
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It most not be forgotten that^ in tbe long perspective, ilynamlc 
evolutionary trends are as important as are static interrelations 
at any given moment- The worserung of the climate at the end 
of the Mesozoic reduced the general adaptivenesi of the dinosaurs, 
pterosaurs, and other reptilian groups* while inoeasing that of 
the early mammaU and bkds. Tlic recent gladal period enabled 
the cold^UmatE preadaptation of many tetraploid plants to 
become dominant over other adaprivc features of ^ corre¬ 
sponding diploids in higher laticudes, leading to extensive spread 
of the former. The spread of man favoured that of organisms 
preadapted to be oommonsal or semi-parasitic on him or his crops, 
like housc-spartow, rat, house-martin, or “weeds” in general. 

Adaptation b thus seen* not as a hard-and-fast category, but 
as something relative. It b not an all-or-nothing phenomenon, 
but takes many forms and exists in all degrees. Lite other bio¬ 
logical caLcgorics, it can only be properly understood by detailed 
and where possible quandtadve analysis. Furthermore, the 
mistake must never be made of thinking of adaptadoual adjust¬ 
ment solely or primarily in relarion to the physical environment: 
the biological cavironmctic b Just as mipoitani. In sonic cases 
plants arc restricted to special habitats not because of special 
climadc adaptadons but because they possess a wide range of toler¬ 
ance towards climatic conditions, with a low degree of whai we 
may call biological or competitive vigour- Thus competition pre¬ 
vents their establishment in most habitats; only where their extra 
margin of tolerance removes them from the swamping effect 
of [heir biological compedtors can they flourbh. Salbbury (1929) 
cites various cases of thb phenomenon- Thus Raftu7}a4lui 
ficTus b in Britain restricted to very unfavourable habitats, c.g. 
dry shallow soil overlying rock- In culrivatcd groimd {un manured) 
it not only grows well, but much better than in natnio, and 
produces ten to twenty times as many froits. Again, the sorrel 
Rutiu:x dcctQsa is notorious as a plant of acid soils. In culdvadon, 
however, It shows an increased growth on limed soils, proving 
that its rtstrieted disoribudon in nature b due to the comperidon 
of plants which are less tolerant of acid condirions. 

Such examples “sufficiently illustrate the fact that plants grow 
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not where they would, but rather where they The same 

sort of thing is probably true of many plants characteristic of 
marginal conditions, c.g, alpine babitats (see p* ^74). 

[11 a letter {5, iv, 1940) Professor Salisbury has kindly furnished 
me vvidi some further striking examples. One concerns the 
rosette planes of open grazing land. For instance, Saicdo empesirh 
and FilipindtiU itexapetda "am confinedi^ as wild plants, to our 
chalk pastures, but their vigorous growth in other types of soil, 
when they arc protected from compeddon by culdvadonp 
indicates that their restriedon in nature is due to the compeddon 
factor". The continual grazing prevents other plants from 
growing high enough to affect the rosette plants" growth, whereas 
their peculiar growtli-habit flattens tbeir own leaves down in 
such a way tlm they cannot readily be eaten. 

Anoihcf example, involving quite diSermt factors, is that of 
the heUeborc which in Britain is alntost 

entirely confined to ash woods on calcareous soils. Here again 
b culrivatioii this species grows and reproduces wtH in non- 
wt-jodland and noii-calcareous situadons. Its pccubar restriedon 
appears to be due to a combmadon of two factors. In the first 
place, it seems susceptible to compedtion, and any woodland 
habitat suppresses compedtors which arc vegetatively active only 
in summer, whereas it. being evergreen, can assiinilate also 
ill winter. On the other hand, most woodlands arc too shady 
in sun>mcr; but the unshaded phase of ash woods, which lasts 
for seven months out of the twelve, is sufftcieiit for the hellebore. 
As Salisbury (1929) well says, "dominance may be the conse¬ 
quence of unfavourable condirions acting by dcpft'j.nctrj, 

or to favourable condidom acting as a jc/crtiVc stmtilns^ but Jii 
either case ihe dominance is determined by the relaiiut vigour 
of ihe species and its compedtors"^ 

The perfection of adaptation is also correliEcd wicli the degree 
of conipcdEion and other forms of selccdon-prcssurc. We discuss 
this phenomenon more at length elsewhere (pp. 426, 4^ seq.) oi 
this chapter. Here we will merely recall the well-known faa 
that the inteiisicy of Ufe in the tropics is correlated with a grt'arer 
pro valence and a greater perfection of variou'i adaptarit^ns, ol 
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which mimicry is perhaps the best studied. Similarly arboreal 
adaptations such as piehetisile tails axe most fully developed 
where the arboreal h^itat is developed in most cjttremc fashion 
—in South Ajociica. Convctsely, where sclecdon-pressurc is 
lower, adaptation tends to be less perfect. We liave seen a sraall- 
scak example of this in the dthlid fish of African Lakes (p. }z4). 
A Urgc^-sc^ example is piovidcd by the ntarsupiab of the 
Austrdian region. Tree-kangaroos, for instance, show an adap¬ 
tation to arboreal life so incomplete that one cannot imagine 
their survival in the tropical forests of Mabya or the Amazon. 
And in general, the Australian marsupials seem unable to com¬ 
pete successfully with introduced forms &om other regions, 
whether predators or direct competitors. 

This brings us back to what h^ already been said about adap¬ 
tation and function (p- 4x7), Adaptation, we there said, "is 
merely the problem of effident function seen from a slightly 
difierent angle". But U is a commonplace that all grades of 
efiiciency of every function coexist in nature. The function of 
vision ranges from mere response to high light-intcnsitics up to 
binocular colour-vision. Aquatic locomotion is at a low level 
in Amoeba, at a high pitch in a dolphin or mackerel. Thus we 
find in nature, not merely every possible type of adaptation, 
but every grade within each type, ESlcicncy of function at its 
most general consists in all-round viability, and this is largely a 
matter of harmonious adjustment of parts and part-functions. 
Thus whereas specialized adaptation may push its possessors 
close to the limits of biological possibility, extremes of all sorts 
will be dUcouiagcd in what we may call generalized adaptation. 
This is illustrated by the classical work of Bumpus (1899) who 
picked up a number of sparrows (Passer deunesriens) found help¬ 
less in a storm, and compared those which died with those which 
revived. The survivors were in general more uniform, while 
those which died showed greater variabiiity. What is possibly 
the result of a simUar selection of a central type was found by 
Weldon (1901) and by Cesnola (1907) in two types of Land-snail 
(but not in a second species of C/uiuj 7 id). The iiuicr whorls of 
adult shells were found to be considerably less variable tlian 
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yoiiiig siiclls of the SAinc size, though the mean was the same. 
This appears to indicate selective cliniinatioii of extreme types.* 

This is what we would expect on a sclecdoiiist view. Organ¬ 
isms arc selected, not on the basis of confonnity to an ideal 
plan, not in relation to coiiiplete functional efficiency, but on die 
basis of survivai. The forms that exist are dtosc that liavc 
managed to survive; and survival may be and often is achieved 
by means of nirously niakcshi^ devices. Not only that, but a 
high degtcc of adaptation in one cliatactcr or function may be 
a measure of low efficiency in some other respect, it seems, tor 
instance, to be no chance that the most ctaborale devices for 
crnss-pollinacion occur in somewhat rare species of orchids; 
and BaiesJan nvimicry can only develop in types which are imich 
rarer than their models. Again, specialization which brings 
success in one set of conditions may involve a loss ot plasticity, 
and so be a teal disadvaittage if conditions change (see p. 377). 

Thus the study of adaptation seems destined to take a neW' 
turn. The first stage coiioemed itself with the fact of adaptation 
— 4 s such-and-such cliaractcr an adaptation, or is it not? In die 
next stage biologists were interested in the mechanism of adap¬ 
tation—do adaptations arise through natural selection, by 
Lamaickiau means, or in what other way? To-day the emphasis 
is on the analysis of adaptation itself, and die bearing of tliat 
anaK'sis on otlier branches of biology—how well-developed arc 
the differeiu types of adaptations shown by a particular organism, 
and what light docs its particular adaptive complex throw on 
its ecology and on the direction and tlic strength of the sek’ctioii 
to which it has been exposed,^ The significaiice of adaptation can 
iHily be understood in relation to the total biology of the specks. 

5. PREADAtTATtON 

Tlic subject of pieadaptatioti demands a section to itself. By 
preadaptatioii (sometimes styled passive adaptation) we mean 

* TJh; critirktiii oflttibHn wd Rirhiidi p. an) dp lec ippc*r tw U.‘ 

pcftinrriL. if+ m suggLft+ the young arc more phunc, tli» UmmiuI ruve 
been rtvcikd in the inner whorb of oM sbclU also, k a alio difeiili to Kt why 
cnviXOiUlLentjl agietn-u^ ihcHfId iilw^ys reduce aduh variatnljiy JS compared 
wirfjjyvnrule. 
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cither that an existing spedcs (or subspecies) is by its peculiarities 
predisposed to take advantage of a certain type of environment, 
or that a pardedar mutant or natural variety is from the outset 
adapted to paitjcular condidonSp whether those in which it 
originates, or others into which it might be thrown by chance, 
Wc may distinguish the two as oomticutional and mutational 
preadaptation respectively. Let us take this latter category first, 
Lamoieux and Hutt (1959) find that White Leghorn fowb are 
markedly more resistant to vitamin B deficiency than other breeds^ 
such as Rhode bland Reds or, sdll more. Barred Plymouth 
Rocks. On normal diet, this characteristic is without any effect 
on sUTvivaJ^ but on a somewhat defident diet it could be decisive. 

A somewhat similar type of variation in a physiological (and 
therefore potcndally adaptive) character is seen in the response 
of the crop-sac of pigeons to the pituitary hormone known as 
prolacdn (R. W. Bates, Riddle, and Lahr, 19J9). Some breeds 
proved no less than dght times as responsive as others. Similarly, 
among planes difcent strains of the same speries may differ 
markedly, e.g. in wacer-mquiremeius. 

We have already drawn attention (p. n£) to the marked pre- 
adaptation of certain mutants in fowls to warm climates, a 
pre^ptation which has been taken advantage of by man* Hutt 
(1958) has shown chat other breeds show minor differences in 
genetic heat-resisting capadty, which could wcU serve as pre- 
adaptive features. 

An interesting case was found by StroM and Kohler (1954) 
in the meal-moth Epkenia huknielld^ Here a mutatiem to brown 
colour, though accompanied by certain unfavourable properties 
—reduction in eggniumbcr and length of life—also involved a 
markedly higher heat-tolerance. This dif&rs from the thermal 
preadapeation of the dadoceran mutant previously described 
(p. 52) in the complex of characicis involved, one of ihem a 
visible colour-mutation. What appears to be an example of 
muutionaJ prradaptatiou is the replacement of normal by 
melanic fomis in various warm-blooded vertebrates in certain 
areas (p> 104). As potnted out, the dark forms appear to be 
preadapted to a moistcr and cooler climate. 
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Polyploidy m plants is ftcqxictidy a thermal preadaptatioii, but 
in this case ttsually towards cold-tcsistancc (p. ijy)- An excellent 
example of prcadaptacion in a hybrid is the rke-grass Spanhia 
t(nrn$aidii^ which has proved better adapted than either of its 
parent species to their own habitat of saline marsh and mud-flats 
(p. J4i). In general* it is dear that any form arising by a sudden 
large change, as by autopolyploidyt or stil] more by hybridiza"* 
don and allopolyploidy, must be preadapted in some way if it 
is to survive {p- }49)* 

Another possible case of preadaptation, here as regards colora¬ 
tion. b that of the lapwing l^hiphma makbmka, which on a 
belt of hrick-red soil along the Malabar coast la>^ highly crypde 
red eggs in place of the ‘Varthy-colonicd" ones seen elsewhere 
[Baker, 1931). As su^ested in Ntuure (February 13,1932, p. 247), 
this may be due to local selection of types laying the crythrystic 
eggs found sporadically in so many species. However, the facts 
concerning cgg-ntimicry in cisckoos cannot he explained on the 
basis of preadaptation, and show that elaborate true adaptations 
may be brought about in egg^olour^ so that further analysis 
of this case is required. 

Kalnim {1941 a and b) finds that various body^otonr mutations 
in Drcfophila arc potcittia] prtadaptations to changes in humidity. 
Thus yellow fiics are less resistant to dcsicxadoii than wild-tj^pe^ 
but ebony and bbek flics are mote so. Tins appears to depend oti 
the fact that darkening of the cuticle is associated with a tanning 
process which renders it les pervious (p* 4 J J; Pryor, i 94 <>). a fiict 
probably to be connected with the frequency of black insects 
in deserts. 

It is of course tme diat many such preadapted and markedly 
distinct new forms arc later modified by the selection of small 
geiie-mutations; and it is equally obvious that even the most 
trifluigly beneficial gene--niutation to be found in the consti¬ 
tution of a wild species, muse in one sense have been pfcadaptcd 
at Its first occurttmoe. But there is a real and impOftant distiuction 
betw'^cen the tw^o types of occurrence. For one thing, many 
(or most) gene-mutations appear to be of necessity carried on 
in the recessive state until suA tinie as they can be made part 
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of some especially favourabk combination: when this is so, they 
were not picadbipted as regards their ongina] phenotypic effect. 
The truth, as so often in biology, is that a continuous scries 
exists, but that the two ends of it are vety distinct. In general, 
when the origin of a successful new form is due solely or mainly 
to a single large step (or at least to one that is readily perceived 
as large by the biologist) we speak of mutational preadaptation, 
but when a new form arises by a series of small and in general 
imperceptible stages, we speak of adaptation in die accepted 
Darwinian sense. 

We next come to constitutional preadaptation, where the 
existing constitutioii of a stock predisposes it to certain modes 
of life rather than to others. Salisbury (1929) points out that 
annual plant species are preadapted to desert conditions, Another 
example is afforded by the adhesive digital pads or discs of 
various frogs, which are best developed in the arboreal tree^ 
frogs, though also present in fully functional form in various 
non'>arborcal types (Noble and Jaockle, 1928). Adaptation to 
trcc-Ufe here seems to have been secured by enlarging these pro* 
existing structures relatively to body^size.* Engels (1940] shows 
that the (%ging Habit of the thrashers {Tox&tt^a) depends on 
prtHadaptivc pcculiaricics of musojUture—an interesting case of 
structure preceding function in birds. 

In other cases, the preadaptation is less immediate, an organ 
subserving one function being readily modified for another. 
The classical example is the evolution of the lungs of land verte¬ 
brates from the air-bladders of certain fish, but there are of 
course numerous other cases of Fmkti<»tsit>eclixl which illustrate 
this long-range type of constitutional prcadaptatioti. In all these, 
however, a great deal of adaptation in the ordinary sense is also 
necessary, so that it could be better to exclude them from the 
category of preadaptatioa proper, and style them predisposition. 

Gaieral predisposition is shown in the ease with which second¬ 
ary aquatic life is resumed by terrestrial types. Tetrcsmal life 

* Ii u Ml to tQDc thic audion wquid not exdudti ths hypodtjeii^ that 

tbc iK»i-arboml duc-posKnin^ forml se^onduily dedired ^tn 
Cbmu, 
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involves numerous progressive advances (Chap. lo, pp, 5 < 53 ^ 4 ) io 
general physiology: the possession of thfise predisposes such 
fi>rnis to be able to compete siRccssfiJly wtli aquatic types hr 
their own environment. Prcdisposirion in tbe ciidocruie field is 
found where an organism which tacks a certain hormone, yet 
contains tissues capable of responding to that hormone. An 
example is the response of bird oviducts to progcstcroiie, which 
appears to te produced only by mammals (Riddle^ Bates* ^nd 
others, 1938). 

Returning to iruc constitutiotia] pieadaptatioiit we have tlie 
well-wom example of flightlessness in the insects of small 
ixxanic islands. Although very numerous groups may be repre¬ 
sented among them, a disproportionate number belong to groups 
which are not in general good fliers^ or are characicriKed by 
reduced wings. Fhghdessncss is litre thus the accentuation of a 
pm-cxisdng tendency. We may here mention the inicrcsting 
experimental results of L fi^ritierT Neefs, and Teissier (t 937 ) 
t^csti^iedy the wingless mutajic of DtosophiiQ. When a mixed 
population of wmg^ (wiU ty|K) and functionally wingless 
(vestigial^ individuals was reared in the open air in such a way 
that they were moderately exposed to the wind, the result after 
thirty-eight days was an increase in the percentage *^f homoay- 
gous vcstigials from 12^5 ^7 per cent, through the wind 

carrying away more of the wingpd flies. When the culture was 
transferred 10 a large room* the wind could no longer act as a 
selective agent, and in fifteen further days the percentage of 
pure vcstigials was halved- 

A less familiar example is cited by Eig^maim (19^)^ who 
maintains that modem fresh-water fi^ must have bexn recruited 
from ancestors preadapted to fresh-water existence by^ possessing 
non-pelagic types of eggs. But the Istus clflfSfVnr of discussion 
concerning preadaptation is the blind cave faima. The uu^and- 
out Darwinians bcheve chat their sightlessness is due to selection 
gradually ridding the stock of useless organs, while some out- 
andn^ut preadaptionists have gone so far as 10 imintain 
mutanoual blindness came first, and that the sightless type thm 
found a favourable environment ready-made ifi caves. The 
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truth would appear to be bccweoi these two views. No proof 
has ever been given of full mutaDonal preadaptadon in this 
case, and it is in any event most unlikely. But it is a fact that 
the cave fauna is drawn preponderantly from types that normally 
shun light and therefore Uve in holes and comers. Such forms 
arc constitutionally preadapted to enter caves, and will fre¬ 
quently be visually under-equipped. Their later evolution will 
consist in their further adaptation to a completely cavemiooloits 
existence, accompanied by further teduedon of eyes. 

Thus Eigcnniann (isop) points out that die fi^ fauna of the 
Kentucky caves must have been sifted out by this type of pre- 
adaptarion from a nomial riverine fish fauna when a certain 
stretch of river became subterranean. The types that were 
negadvely hcliotropic, nocturnal, or steieotropic remained sub¬ 
terranean, and then developed further adaptadons to cave life; 
while other ecological types moved out into a connecting river 
which remained in the open. “The major adaptadon to cave 
existence, the power of finding their food and mates without 
the use of light, they [the ancestors of the existing cave-fish] 
possessed before the fotmadon of the caves, and it is responsible 
for their present habitat." The same general view, with certain 
modificadons, is taken by more recent workers in this field. 
Hubbs (193 S), for instance, after presenting an analysis of the 
characteis and rcladonship of the thirty-five or so known cave- 
fish, concludes that this “confinns the dieory that cave animals 
have arisen from species moderately preadapted to cave life". 
To take an example, the "weak-eyed, long'^barbelled, nocturnal 
catfishes" have given rise to an undue percent^e of cave-fish. 

There is one notable excepdon to the general rule, namely 
the Mexican characid cave-fish, Atutpiickthys jard 0 ti. Although 
this, as its name implies, is blind, it must have been derived 
from a form very similar to Astymtix fusciatm, whkh is a large- 
eyed open-water form, without any obvious preadaptarion to 
caves. Hubbs suggests that the lack of compeddon, as evidenoed 
by the absence of other cave-fish in this region, faciUtaced its 
colonizadon of caves, sightlessness evolving later, 

Hubbs concludes by pointing out that preadaptadon has con- 
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sricuEcd but the first step in the evolution of ravo-fishes: later 
changes, such as further ckgenerarion of skin pipmemation and 
eyes, and further specialization of sensory barbels ajid tlic like, 
liiust have been produced by progressive adaptation after the 
cave habit had been established^ 

It may be pointed out that, in geiiccak the preponderance of 
degenerative (joss) nuitation will result ill degeneration of an 
organ when it becomes useless and selection b accordingly no 
longer acting on it to keep it tip to the mark (p. 476; Muller, 1919). 
In other cases, as in the hind limbs of Cetacea, degeneration 
may be actively peomoted by selection * *1$ the organ s presence 
c?rtenially is dis^vantageons {for vestigeSp see Huxley, 1932), 

Thus, ’while normal Darwinian adaptation adjusts a species 
to a constant or a changing environment ifi sitUf constitutional 
preadaptation acd as a preliminary sifting device, resecting the 
inhabitants of spedalized habitat in the main to forms with 
some definite predispotsition to the peculiar mode of lifi: involved. 
Mutational pteadaptation b intermediate in tlie iiaturt of its 
action, providing a prehminary sifting of lesser extent and 
shorter range. 

Some ’w^ritcr^^ e-g. E. White (1926)^ consider diat a con¬ 
stitutional prcadaptation towards coId-rcsistancc has led to 
certain natural orders of planes being able lo survive in higher 
latitudes when the uniform ’warm conditions of the earlier 
cettozoic later give place to a sharply-zoned clnnatc, while other 
groups, not sirnilarly preadapted, became restricted to the tropit^. 
Among the former, he cites the wiUows (Salkaceae) and horse¬ 
tails (£quisetaccac)p among the latter the palms (Palniaceac) and 
the Artocarpaccac. 

A somewhat diffirrent constitutional preadaptation to tempera¬ 
ture b found in Crustacea (Panikkai. 1940)^ The osmoregulatory 
niechanbtn of various marine Crustacea b such tliat they are 
able to tokrate waters of low salinity niuch mote readily at high 
than at low tempetattires. This fact b reflected in the natural 
dbtnbution of fresh- and brackish-’HiVatcr Crusiacca, and very 
possibly of otlier invertebrate group. 

Goldschinidi in various of his ’writings (see 194^1 P- bas 
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suggested that preadaptatioit may pky a rather different role by 
means of largjc mutations giving what he styles “liopeful nioii- 
sters”, which then can serve as the starting-point for quite new 
evolutionary trends. As one example of where lie thinks tins 
must have occurred he cites the flatfishes, since he considers it 
impossible for llieir asyuunetry to have arisen gradually. He 
then extends the principle to other less cogent eases, Mr. J. 
Norman, of the British Muscuin (Natural History'), however, 
tells me that there exist a few less extreme forms of fiatfisli, 
which must be similar to earlier evolutionary stages, and tliat 
there seems to be no reason against assuming a grailual evolution 
of the group from the bcgituiuig. Many fish occasionally rest on 
the bottom, some on their bellies, others on their sides. If benthic 
existence for any reason were advantageous, sclcetion would set 
in to improve the type in this respect—with the bcUy-rcidng 
forms by dorso-vcncral flattening and lateral extension (as has 
happened in sharks and rays), with the sideways-resting forms 
by behavioural and structural asymmetry of the eyes and bead. 

However, Goldschmidt goes further than this. In his latest 
book (1940} he maintains that there is a fundamental distinction 
berween micro- and macro-evolution. The former, depending 
on gene mutation and recombination, may lead to subspecific 
and other divnsificadon within the species, but cannot produce 
new species, or, a fartim, higher categories. These come into 
being through macro-evoludonary change, which, according to 
him, demands a radical change in the primary chromosomal 
pattern or reaction-system. Such a change in itactioti-system he 
calls a systemic matetion, though he states chat it may have to be 
accomplished in Kveral steps. Only after the repatteniing has 
reached a certain threshold value does the new spccic$-type 
emerge. He considers (1940, p. 207) that in some eases at least 
the initial stage's arise only in the absence of selection-pressure 
against the hctcrozygote and under certain condidons of in¬ 
breeding. But once a new stable pattern, viable as a bomoaygote, 
is produced, "selecdon acts only upon the new system as a 
whole”. In other words, if it survives, it survives as a preadap- 
tadon in viability. In odier cases he considers that ^ early 
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sicjw, Di-iy be favoured by sekctuMi on acet'unt ot viability 
effects oil rk vclopmeiit. and that the change will be niiieli tiuicker 
ihaii any liiicro-cvohitioiiary eflirct dcpctnlciit oii single genes; 
this prtsccss could Iw regarded as halfway between tiornial 
adaptaticiri aiitl ptc^kUpLirioii. 

1 do mA profKssc to tfiscuss tlicse ratlicr rcvoludon^iy views. 
Wliat has bci-'n said elsewhere sliows that I disagree widi tlieiR 
ill general. Xlicrc b a great ileal of cviJcticc that gciic-iiiiitatioits 
4ire involved in speohe JiffertneeSt ^ssd that subspecies may evolve 
iruo full species. Many of Cioklsclimidt s anaK>gies between 
* Monstrous** forms fotuid in nature and large mutational steps 
observed in ihe laboratory (e-g- partial or total wing-ruJirocii- 
tation) are valtieless until we know that tlie natural forms liavc 
arisen ar a single bound; tlicy may well be merely phcnotypically 
similar to the matajits, but be due to the accuimilacioii of small 
geiiomtitations- Such accumulations may evolve into “gene- 
patterns^* characteristic of species (Show, 1941)^ and the asso¬ 
ciation of genc-muutiom with secaonal rcarraisgemeots may 
produce relatively large etlccis (p. 91) - but these arc not systemic 
changes. When he states that the evolution of the DrepaniSiiae 
(see p> 3^5) *'by a series of inicromuiarions controlled by sclectioti 
is simply unimaginabk”, one can only reply diat his imagina¬ 
tion diJfcrs from that of many other biologists. He rightly 
insists on the importance for evolution of mutations with cisnse*^ 
qnential developmental effects (p. ihi:$c are pre¬ 

sumably gcnc-niutations (see also Waddington^ ] 94 lb|. 

However, even if we dismiss Goldschmidt s views as unproven 
or umicccsary^ preadaptation of various kinds has clearly played 
a not mcottsiderable role in cvolutioii- 

6- TRE ORICIN OF AJ>AtTATlONS: Hffi [NAPEQ^ACV 
OF LAMARCKISM 

How has adaptation been brought about? Modem science miBt 
rule out special creation or divine guidaiio:. It cannot well avoid 
frowning upon aitelcchics and purposive vital urges. Bergen s 
rkit vitijl cm serve as a symbolic descriptimi of the thrust of life 
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during its evolution, but not as a soendfic explanation. To read 
L’Evolution Cf/afice is to realize that Bergson was a writer of 
great vmon but with little biological understanding, a good poet 
but a bad scientist. To say that an adaptive trend towards a par- 
tioilar specialization or towards all-round biological efficiency 
is explained by an vital is like saying that the movement 
of a railway train is ‘'explained” by an ilan locomotif of the 
engine. Mohiie poured li^culc on the similar pscudtxxpiana- 
dons in vogue in the offidal medical thought of his day. 

Modem biology, taken by and large, also repudiates lamarck¬ 
ism, I need not reier to tbe lamarckian views of literary men 
such as &muel Buder and Bernard Shaw, They are bas^ not 
on scientific fact and method, but upon wish-fulhlmctit. Shaw, 
in his preface to Baek to Methuselalt, says in edect that he dislikes 
the idea of a blind mechanism such as Natural Selection under¬ 
lying evolurionary change— ergo, such a blind mechanism cannot 
(I had almost written “must not!”) be operadve. Pace Mr. Shaw, 
this reasoning docs not commend itself to scientists. One of the 
main achievements of sdence has been to reveal that the facts of 
nature frequently fail to accord either with the wishes or with 
the apparently logical preconcepdons of human beings. Per contra, 
we may remind ourselves that, as was pointed out nearly half a 
century ago by Ray Lankester (summarized by Poulton, 1937), 
lamarckism is sclf-contiadictoty, since it maintains chat “a past 
of indefinite duradon is powerless to control the present, while 
the brief history of the present can readily control the future”. 

Nor need I go in detail through the wearisome discussion of 
tbe various sdcndfic “proofs" of lamarckian inheritance that 
have been advanced, I would merely say that subsequent w’orfc 
has either disproved Or failed to confirm the great majority of 
them. An unfortunate suspicioo rests on Kammerer’s work, and 
his results on salamanders have not been confirmed by Herbst 
(1924}, Hedop Harrison s adapdve inducdon of mclanic muta¬ 
tions in moths could not be rMbtaincd by McKcnny Hughes 
(1932) or by Thomsen and Lemcke {1933). Repedrion of Guyer’s 
work on induced inheritance of immunity by other investigators 
has yielded entirely negative results (Huxley and Cafi-Saunders, 
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1924), Pavlov hiiiiscU’ withdrew his claim to have demonstrated: 
the inheritance of experience in mice. Recently Crew (t 53 ^) 
has repeated the elaborate rcscarclies oi McDougall on the 
hereditary transmission of die effects of training iit rats: hi' 
results entirely contradict McDougall's lamarckian cLunis, and he 
is iticlincd to ascribe the discrepancy to an tnsufhdency of controls 
and an inadequate attention to gpncciciucthod 011 McDougall s part. 

Other work, such as chat of Heslop Harrison on the tecdiiig 
habits of insects, is capable of aUemativc explanation, ajid is 
therefore not crucial. Indeed, the researches of Tliorpe (see 
p, 303) Iiave made the alternative explanation the more likely, 
by demonstrating the role of larval conditioning to food in 
determ ininq the egg-*laying reactions of the adults. The researches 
of Diirkcn (1923) on the colours of butterfly pupae ate also 
capable of alternative explanations, here in terms of unconscious 
selection of predispositions, and/or of DauermniiJihaiiiMicrt, 

There remain one or two results, such as that of Metalnikov 
(1924) on immunity in waxinoths, and of Sladdcn and Hewer 
(19)8) on food-preferences in stick insects which seem prime/me 
to demand a lamarckian explanation (but see p. 303 n,). Howercr, 
in view of the fate of other claims, and of the theoretical diffi¬ 
culties We shall discuss below, too much weight must not be 
attached to such isolated cases. 

Nor need we pay attention to the vjcw advanced by certain 
lamarckians, that the inherited effects of function or environ¬ 
mental modification arc so slight that they cannot be detected 
experimentally but require cumulative action through thouands 
of generations to become obvious. Exceedingly minute dificr- 
enccs can be detected by proper technique. The total failure of 
sixty-nine generations of disuse to af&ct the eyes or the photo- 
tropic responses of Drosophila, as shown by Payne (i 9 n)' ^ ® 
example of the failure of disuse to produce lamarckian effects. 

To plead the impossibility of detection is a counsel of despair. 
It is also luisciciitific: the only scientific proceduic would be to 
refine technical methods until the postulated effects were capable 
of detection. The experiment has nothing impossible about it 
with pure-bred stocks and in a rapidly-breeding species. 
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It isj however necessary to realize that imporunt uidircet 
objections can be made to any lamarckian vievv% In the first 
place there is the fact of mcndelian reecssivity, A recessive char-* 
acter can be rendered btctic in definitely by keeping the gene 
concerned in the heterozygous condition; yet when the recessive 
gene is allowed to unite with another like itself, the resultant 
character is identical with that of puie-brcd reoessives in which 
it has been manifested, and thereforc exposed to environmental 
stimuli, throughout. 

An equally fundamental difficulty concerns all those almost 
tnnumerahle cases in which dac two sexes dilfcr in adaptive 
characters of stmeture or behaviour. For we know' with cer¬ 
tainty that the genetic cotistitution, m the shape of the clwomo- 
somes, is distributed irTtspcctive of sex. The chromosomes of a 
sire will be distributed among his descendants of the second and 
later generations accordmg to tiie laws of chance, in a purely 
random way^ and equally among his male and female descendants 
(a quantitative exception, but one irrelevant to our present 
purpose^ is provided by tbe distribution of the sexHdtroTnosomcs)* 
What lamarckian mechanism could emurc that the hereditary 
effects of functions confined to males are transmitted to male 
descendants only? The situation can just possibly be saved by 
subsidiary hypotheses, but only at the cost of much superSuous 
comphxityr as the gccM:cntric hypothesis was formally saved by 
the doctrine of epicycles. 

Apart from iMs, we find numerous cases where lamarckian 
uihetitance, even if it existed elsewhere, must be either impos¬ 
sible or exceedingly restricted. Let us first take the case of the 
higher mammals^ These have their mtemal enviromticiit regu¬ 
lated to an extraordinary degree of constancy. The temperature 
of the blood and to a still higher degree its salt composition and 
its addity, are kept constant by elaborate spcdal mechanisms. 
The reproductive ceUs, like all other ocUs in the body, arc exposed 
to the intemal environment supplied by the blood-stream. How 
dim can changes in the external environment be transmitted to 
them? The regulation of the intemal environment provides an 
effective shock-^absorber for all tbe more obvious alterations 
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which could occuc m the esrtcmat cavkooment. Yet higEicr 
m^mmak have evolved as rapidly and in as obviously adaprivc 
ways as any lower types in which this buffering does noi exist. 

The social Hymenopcera provide another natural experiment 
of great interest* In ihem^ as is wei! fcnown^ die hulk of the work 
of the colonies is carried on fay neuter femalesp while tepro^ 
duedon is entrusted to the much less abundant full females and 
the maks. How is ic possible on my Liniarckian view to discover 
a mechanism by which the special insemets and sinictiircs of the 
w'orkers have been evolved? They cannot transmit d^cm in 
reproduction^ for they do not reproduce; and the males and 
females do not practise ihe instincts nor possess die structures^. 
Attempts have been made to obviate the difficulty by pointing 
to the fact that occasionally neuter females will lay un fertilized 
eggs^ 50 producing males, ifi howeverp such occasional abnor¬ 
malities of reproduction suffice to generate the elabotate special 
characters of neuter ants and beeSp then lamarckian transmission 
operating through normal reproductive channels should have 
such strong effects as to be detectable by die crudest experiment; 
and this is certainly not the case. 

Insects^ indeed^ provide a riumhcr of hard nuts for Umarchian 
cracking. All liiglier insects emerge from die pupa into an adult 
or imago stage, during which they never moulr^ and so are 
incapable cither of total or local growth (save by inechanical 
stretching of membranous parts of the exo 5 kcleton)i or of 
alteration in the form of hard parts^ Here again it seems all but 
impossible to imagine any mtchafiism by which ajvy modifi¬ 
cation involving structural change in hard parts could be trans- 
iiiicfLxl. Indeed, such modificarioiis cannot very well be pro- 
doecd at all in the individual: thus the only lamarckian mcchainsin 
Cfmoeivable is one by which a tendency or an attempt to alter 
die stnicruic of hard parts would have its first visible effects in 
the next or later generations! Yet adaptations of hard parts arc 
striking in ijisects. 

A very similar objection apphes to nianinialian teeth. These, 
as is well known, cxhihic; remarkable adaptations to the type nl 
hnxl tm which they are nonnatly used. Yet the only cficci of 
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use upon tlicm is mecEauical abrasion, tending to wear away 
the scnjctute which has been built up in the plastic stage when 
the tooth is not used at all. 

The origin of the general cryptic resemblance of animals to 
the prcvaiUiig colour of their habicais, whether desert, open sea, 
green foliage, tundra, or snow, has often been ascribed to a 
direct cflect of the ecTironment. If this rather vague statement 
means anything, it must imply that the characters in question 
arc either pure modiheattons, or have been genetically induced 
by some form of lamarckism. Granted that there exist, notably 
in insects, some cases of modification, wc can now safely assert 
that most of these characters arc gencdc. Some of these in their 
turn may be merely correlated with physiological adaptations: 
but there are some examples where wc can show that selection 
in favour of crypdc resemblance must have been the agency' 
at work. 

In an earlier chapter we mentioned the case of dark subspecies 
of Pfmnfyifuj inhabiting local lava-flows. Precisely similar 
examples arc known in birds, e.g. in the desert lark, Armnotiuines 
deserti, of which the darkest and the palest subspecies live close 
together in North Arabia, the one on black lava-desert, the other 
on pale satid-dcscrts. This is cited by Meinertihagoi (1934), who 
makes the pertinent comment that such ra ys of protective 
resemblance to soil are largely confined to ground-loving birds. 
Thus in the black Ahaggar desert, the Ammaiitatjes are very dark, 
while the local babbler fuhui buchanan) is even paler 

chan On the sand of the Sahara—presumably in relation to climate. 
An even more striking case has recently b«n described for other 
mice of another genus, Pmgnatlm (J. £. ipjpJ. In a valley 
of southern New Mexico a black Uva area of between joo and 
300 square nnlcs exists quite close to an area of gleaming white 
gypsum. P, ifprenHi'djMf exists on the bva beds in an almost black 
form, while the representatives of P. aptuhe on the gypsum area 
ate nearly white. Both species have nortnal "mouse-cobured" 
forms on neighbouring rocky areas. Other mammals, reptiles, 
and insects from the rwo special areas show corresponding but 
less extreme coljur modifications. Here again no climatic or 
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Other influences capable of brm^g about the colour-diffetences 
can be detected, and we are driven to conclude that the colour 
b a protective adapution originated by sclccoon- If selection 
can be cSectivc in such cases, thete is no reason to postulate any 
Umaickian effect for any examples of general cryptic resemblance. 

Hovanitz (i^o) cites a similar and very striking case from 
the butterfly Orneis thyxits, which in the Sierra Nevada exists 
in two sharply-contrasted dark and pale subspecies or forms, 
restricted to (iark volcanic sttid pale granidc rockrS rcspcctivcl.yj 
the two putc forms connected by clin^ extending over lo to 
40 miles, where the rock-types arc intermingled. Dark rock 
outcrops in the granidc area below a certain sire arc inhabited 
by light forms, being apparently too small to support a dark- 
population that Can maintain itself against swamping by crossing. 
Hovanitz is forced to the view that the two forms owe their 
origin or at least their maintenance to selection, but rejects the 
idea that this is exercised vil predators in rclarion to concealing 
coloradon. His objccdous may be profitably analysed, fit the 
first place, since the upper surface resembles the cnvironmcnul 
background much more closely than the lower, he states that 
visual selection by predators could only occur when the upper 
surface is excised, namely, in flight. However, his own photc^ 
graphs show a certain degree of dii&rcnoc in the lower surface. 
Secondly, he states that when not ui flight, they rest in “mlativc 
darkness’' between rocks, among herbage, etc., “where colour 
is of no value". This last statement is a mere assertion, as no 
evidence is given as to possible predators in such situations, (tn 
other habitats, Lepidoptcra am frequently captuied when at rest.) 
Finally, be states that ahnost the only possible predators arc 
two species of birds which only occasionally take insects, air 
therefore cannot act selectively. In the first place, because jus 
search for predators has not been successful, that is uo reason or 
concluding that they do not exist. Cases iiiiist indeed be rare 
where a small biitterflv has no enemies. But further, he appears 
to disregard tlie quantitative findings of students of the mathe¬ 
matics of selection, such as Haldane (193^^) ^"^1 R. A. Fisher 
(tSlOfl). A I per cent advanUge—i.e. the average survival ot 
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I PI menibc n o f otic fortn as agmnsc lOO ot anodicr—would be 
almost impossible to detect, yet it would proniotc ati cvolu“ 
tionary chatige of considerable rapidity, oiarkcdly modifying 
the stock within a few htiiidred gciicratians (p, 56), 

Hovaiiltz also makes the general objection to the theory of 
protective coloration that '*dic aniniaL along best in 

nature arc those which arc not "protected’ —a &Macy so .ho^ 
that it hardly needs serious discussion (but see the general ana¬ 
lysis. pp. 466 scq.; and on hypcrtelyt p- 484). Most naturalists will 
prefer to regard such a case as this as one of concealing 

coloration undi definite evidence to the contrary is prodiioed. 

Finally we may mention various special examples of pro¬ 
tective rcsemblaiice and mimicry. The Fcsemblancc of certain 
moths to birds’ droppings or of a stick insect 10 a stick cannot 
very >vcU be put down to the inheritant^ of environmental 
modificadons or tl^e effects of use I In mimicry, the resemblance 
of model to mimic is o ften achieved by way of a trick—a similar 
effect is produced by quite a diflcrent mcclranisnt* The “painting 
in^* of a waist on various beedes or bug mmiics of ants is a good 
example: numerous others may be found in Carpenter's little 
book on miirikry (Carpenter and Ford, 1933)^ or in the mote 
general work of Cott (1940). 

These are sonie of the most striking cases in which a kmaickian 
explanation cannot, it seems, apply, have already seen (p. 38), 
that, merely from the standpoint of logic and theory, most 
adaptadons or funcrioual evolutionary changes could be inter¬ 
preted equally readily on the basis of indirect conprol by sclec-- 
don as on that of direa control by environment and use. We 
arc therefore driven to ask why, when numerous adaptations 
like those just cited arc shown to be incapable of lamarckian 
explanation, we should postulate lamarckism to account for 
the odierSp which arc no different ^4 adaptations. To do so 
would be to $in against the economy of hypothesis and demand 
the application of WiUiam of Occam $ ra^or. 

Thus we arc driven hack on to direct experimental proof, 
and tiutp as we have already set forth, is meagre and confiising- 
Ic is for these reasons that die majority of biologists, including 
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the very great majority of those who have CTtperienc'c ^ of 
actual genetic work, repudiate lamarckism, or, at best, assign 
to it a subsidiary and unimportant toic in evolution. Even if 
lamarckism be operative at all, it seems clear that some other 
mechanism must be invoked to account for die major part of 

evoludou. ... 

Most biologists also look askance at orthogenesis, in its strict 

sense, as implying an inevitable gnnding out of resets pre¬ 
determined by some internal germinal clockwork, Tliis is too 
much akin to vitalism and mysticism for their liking: it removes 
evolution out of the field of analysablc phenomena; and it, too, 
goes contrary to Occam’s razor in introducing a new and un¬ 
explained mechanism when known agencies would sufiice, 
Fimhcrmorc, as R. A. Ftsber has cogently pointed out, the 
implications of oithogencds, like those of lamarckism, run 
directly counter to the observed fact that the great majority of 
mutations ate deleterious. In any event, as we shall see in a later 
chapter (p, 506), die eases in which a true orthogenetic hypo¬ 
thesis is demanded in preference to a selecdo^t one arc very 
few, and even in these few it may turn out tha it is our i^orance 
which is responsible for the lack of alternative explanations. As 
set forth elsewhere (p. 516), numerous cases exist wIkic evolu¬ 
tionary potentiality is restricted; but these are quite ^ onct 
from orthogenesis In the strict sense of a primary ctivc 
agency in evolution. 

Selection itself often produces an apparent orthogenic eJiect. 
This was realized by H. W. Bates over three-quarters of a century 
ago in his classical paper on mimicry where he wrote 

"the operation of selecti ve agen ts gradually and steadily bringmg 
about the deceptive resemblance of a species m some o r 
definite object, produces the impression of their ^'^6 some 
innate piindple in species which causes an advance of organiza¬ 
tion in a special directioti. It seems as though the proper v^ation 
always arose in the species, and the mimicry were * 
goal”. However, tlicse and the similar examples drawn from 
paleontology (pp. 416, jiSJ 494) analysis turn out to uiuc 
better explicable on seirrtionist principles. Just as t apparent 
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purpose of adaptation is only a pseudo-teleology, so its apparent 
inner direction is only a pseudo-orthogenesis. 

1 , the origin of adaptations: natural selection 

There remains natural selection. Before discussing some concrete 
examples of selection at work to produce adaptation and of 
adaptations illustrating the work of natural selection, a few 
general points deserve to be made. In the hist place there is the 
aged ’^’et apparently perennial fallacy that sudi'^d-such aji 
arrangement cannot be adaptive, since related organisms can 
and do exist without it. This is, quite frankly, nonsense. It is on 
a par with saying that electric refrigerators ate not useful, because 
many people, even among those who can ahbid the expense, 
manage to get on happily without them, or even that alphabets 
and wheeled vehicles ate useless luxuries or accidents because 
the negro and other human stocks never invented them. 

There arc in fact numerous possible explanations of such a 
state of affairs. It may be that mutations in that direction did not 
crop up, or were not available before mutations in some other 
direction set the stock spedallzing along other lines; it may be 
that there are diffeiences in the genetic makoup or the environ¬ 
ment of the two forms, as yet undetected by us, whicli make 
such an adaptation less advantageous to one than to the othec. 

All that natural selection can ensure is survival. It docs not 
ensure progress, or maximum advantage, or any other ideal 
state of affairs, Its results, in point of fact, are closely akin to 
those of commercial business. In business, what gets across— 
i.c. is sold—is what can be sold at a profit, not by any means 
necessarily what is best fitted to meet the real needs of indivi¬ 
duals or of the community. The reason for the failure of a 
commodity to be sold may be lack of purchasing power in the 
community as much as poor quahty, or lack of persuasive (and 
not necessarily truthful) advertising as much as inefficient pro¬ 
duction methods. 

In the same way a species or a type may survive by deceiving 
its enemies with a fraudulent imitation of a nauseous form just 


A.UAPTAT 10 N AN» SELECTION 467 

as 'wcU as by some improvement in digestion or reproduction, 
by dcgcticratc and dcstnicdve parasitism as much as by increased 
intelligence. There still exist those who, even while rejecting 
the view of Palcy and his school tliat adaptation U a proof of 
divine design, condnue to approach evolution bi a rather rever¬ 
ential attitude and to attach some sort of inortd flavour to natural 
selection. They should be teminded of adaptations such as those 
by which the ant-parasite Lomecluisa obtains its food, or the 
orchid Cryptostilis ensures its reproducrion. Lomeeiutsa produces 
a subsiance whidi the ants so dole upon that they not only feed 
the adult beetle in return, but allow its grub to devour their 
own larvae—a sacrifice to a gin-produdng rnoloch (Wheeler, 
1910); Cryptosiitis practises an ingenious variety of prostitution: 
by resctnbling the females of a Sy both in form and in odour, 
it induces the males to attempt copulation with its flowers, thus 
securing its own pollination (Coleman, 1927). 

We should finally remember that the incidence of selection 
is different for rare and for abundant species, and that an adap¬ 
tation forcibly promoted by incraspecific selection in an abundant 
species might have little or no biological value when worked 
upon by interspecific selection in its rarct relatives. 

It is another fallacy to imagine that because the major elimina¬ 
tion of individuals occurs, say, in early life, that therefore selection 
cannot act with any kiiensity on a phase of minimum numbers, 
say the adult stage. It has, for instance, been argued that because 
the main diminadon of butterflies takes place by paiasitization 
or enemy attack during the larval stage, tbereforc elimination 
of the imagines by birds or other enemies can have no appreciable 
selective elfccc, and therefore any protective or warning or 
mimetic colouring which they exhibit caimot have any adapdvc 
significance. But selection need not act widi equal intensity at. 
all stages of die liftvcyclc: even if it should be more intense in 
early life (and much early mortality appears to be accidental). 
It could still produce effects on adult characters (sec A. j, Nichol¬ 
son, isa?). 

The same argument applies to adapdvc colouring shown in 
the larval stage. Even if this has no effect in protecting the larvae 
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from it will have selective valtie if it ptotccts 

from attack by other enemies. Granted that on the average 
90 per cent of larvae will in any ease succumb to parasites, selec¬ 
tion can clearly act in other ways on the remaining ro per cent, 
just because they are die survivors. In general, selecdtm may 
promote higKK' specialized adapeadons not only in any particular 
organ or function, but at any pardcular phase of the Hfe-histoty, 
The elaborate pelagic specializations of many invertebrate larvae 
at once come to mind, or the adaptations of seeds. Salisbury 
(ipizp) cites an inietesring case of juvenile adaptadon: most 
plant species, even if light-amandin g forms, show' greater shade- 
tolerance in early life, which mibtates against suppression by 
shading in the crowded condidons soon after gciminadoii. 

How'cver, as Proiessot Salisbury points out in a letter, since 
die adult phase follows die juvenile in time, many adult charac¬ 
ters may well be nun-seiccdve qua adult characters, bur merely 
consequential results of Juvenile adapeadons. Some cases of this 
sort are discussed Uccr (p. 525). 

[t is, afmr all, die adults which reproduce, and a 1 per cent 
advantage of one adult type over another will have precisely 
the same sclccdve effect whether the adults represent ten, one, 
or onc-tenth of i per cent of the number of fertilized eggs 
originally produced. Tlie same applies to those plants in which 
the main elimination occurs during the seedling stage. Selection, 
in fact, can and does operate equally effectively at any stage of 
the lifc-cycle, though it wiU operate in etidiely different ways 
at one dmc and another. Further, eliniinadon is far from being 
die only tool with which seiccdon operates. Differential ferdlity 
of the survivors is abo Important, and in man ard many plants 
is probably die more iuffuential. 

Tliere is finally the experimental demonstradon of seiccdon. 
We have rderred to dm on p. 120; sec alii» p. 414 for the stinuoary 
of such work oil adaptive coloration given by C^nl (ip4o). 
Here wc may cite a turthcr piece iif work. 

Popliam (194;) has made a catcful invesdgation of the bip- 
logk-al significance of the variation in eotour (measured in terms 
of shade of grey) in various watcr-bo.itmen (Corixidac). The 
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aiiiinaU tend t« resemble the backgrounds of the poiuls wkre 
they arc found. This is due partly u> habitat-selection: animils 
confined in surroundings markedly dificrcnt in backgmund from 
dwir own shade become resdess and leave to seek other waters. 
Secondly, it is due to developmental eolour-adaptatinn, the 
nvniphal’and adult shade approximating to rhat ol the siir- 
routidiiigs in which they have lived iu the previous iiistar (though 
during a given insUr there is no power of colour-adjust me iit). 
And finally, it is due to selection, predators (nidd. Wijhhs 
.rylhrophthabmif. were used) taking a hwvier toll of uiipriv 
tected” animals, i.c. those which are least like tlicir back- 


^ In regard to selection, a number of interesting results were 
obtained. I^r one thing, two fairly similar colour-vancDcs for 
which tlicre was marked dtlTcrcntial predaaon when one of 
them closely resembled die background, were cquaUy at^taeU-d 
when the background was markedly dilFerciit from Iwth. It is 
thus, as would be atpcctcd. the relative diftercmee of the two 
forms from the background, not the absolute diffcren^ netween 
them, which acts selectively. Again as exposed, a decrease m 
the population-density of the prey inerca^ the advantage of 
the protected form. This of course implies a scif-reguktory 
mechanism as regards prtdator-prcy balance. protcOTon ctm- 
ferring maximum benefit when most neossary to the spea^ 
A debase in the ptcdalors* population^nsiiy also mereased 
the selective advantage of protective colour, presumably ^ the 
purely mathematical basis of a reduction m the number of 


encoontm. 

QuandtadvcJy, the selection in certain circumstances was very 
E-f. in one cxperin.=nt.i.. whid. Acre were eniplo^c 
enud num^r, nf inacK of <he »n.c A,de » Jre taekgioand 
Pprotected”) and differing from it by one coUmr-standard 
(■■unproiccicd '). the rckvain results were as follows; 


Insects eaten Sriecrivf adviirugc 

UiiprouxtcJ t'o»tcit«.-d : Uni'roH-’ciol) 

percent ^reent 

7j'5 24* J 
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In mother set of ofperiments, three types of were 

usedt differing from each otlier by one colour-standardi and used 
against backgrounds of various standards. The results show the 
variation in intensity of selection ^-ith change in the relative 
difference of coloration between insects and background. 


Per cent eateti af jnsoti, 
of cdour-gtandaidj:— 


X (x + i) (x + i) 

Differences from 
backg to und (b 
CokiuT-^tandard units) 


4 , 5 . <5 

34 

33 

33 

3 . 4 »i 

2 S 

36 

36 

2 , 3,4 


32 

4 t 

I. 2, 3 

11 

36 

53 


Selective advama^ 

(x + l) (x + 2 j (x + 2 ) 
X X (x + l) 


All approxinuDely equal 
1*20 1-29 I'OO 

I-I9 1*32 1-28 

3*2? 4-82 I*47 


A further set of cxpcrinteiit$ was carried out widi species of 
water-hoatmen of diflerent sizes. It was found that die pitdator 
used, the rudd, is aUnckst entutly lesttictcd to those of a certain 
intenriecliate size. Lai^e forms were difficult to capture (14 pet 
cent taken as against S6 per cent of a medium^zed species} 
while small species were apparently not noticed at all. This 
illustrates the point made on p. z8o, that a predator must be 
adapted to its prey in size as in other respects. 

Selective advantage is here, in certain conditions, very large. 
But we must remember that an advantage which it would be 
extremely difficult to demonstrate experimentally, say of i per 
cent, would have an cflfcct which, hiolt^cally speaking, would 
he rapid (see p, 56), 

Various eases where a selective balance is involved show as 
forcibly as any laboratory experiment the stiengdi of sclecdon- 
pressure. We have referred to some of these in the section on 
polymorphism (p. 96). The best of all (see p, 03), is probably 
that of industrial melanism. Ford (10406) has recently shown 
that in unfavourable condidotis (feedhig only on alternate days) 
the dominant mclanic form of the moth Beumfrit rqian^ata ha$ 
a sclccdve advant^ of nearly 2 to i (52 blacks: 31 normals 
surviving to the imago stage where equality was expected). 


f 
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Even where optimum foodHTOudiiions ^ere provi<ledt the ratio 
was 101 i 91, Yet in spite of thh enormous consdtiitional advan¬ 
tage of the melanics, ihc selective advantage conferred by cryptic 
colouring on die non-inclanics has prevented their rcplaceTnem 
by melanics in all non-industrial areas. Mr. Ford informs me that 
in another case (not yet fully analysed), the nielamc form is more 
eold-rtsistant. Yet It has not managed to oust the cryptic form^ 
even in die extreme north of Scotland, far to the north of die 
industrial rcg;ion5 where it has become the type» 

An elaborate and largCHScale demonstration of selection in 
action has been given by the work of Quayie (i 93 &) die 
gradual development, by various scalc-imect pests of citrus 
fruits, of a high degree of genetic reristance to the hydrocyanic 
acid used to try to kill them. As long ago as 1914 Quayle's 
attention was drawn to the unsatisfactory results from tent 
fumigation of lemon trees against red scale 
in the Corona district of California. In most localities it vi?as not 
then necessary to repeat fumigation for two, three, or even four 
years. At Corona, however, neither increased dosage nor repeti¬ 
tion of fiimigation every year or even every six months was 
effective. 

Controlled experiments were later carried out in which die 
scales from different aitas were grown on the same tree and 
exposed to different concentrations of gas in the same chamber^ 
The results showed that whereas in insects from many localities 
the normal dosage was reasonably effective^ and no scales sur¬ 
vived a 50 per cent increase of dosage^ in those from the resistant 
areas^ about five times as many survived tiomial dosage and 
almost as many survived the increased dosage as survived the 
normal one in the case of tion-resistatit strains. 

In 1915 evidence turned up of a resistant local strain of the 
black scale e/ede)', and since t hen the area of resistance 

has spread and the degree of resistance has been iticreasedL hi 
1925 a resistant strain of the citricola scale, pseudctfmgno- 

was first observed* Prior to this date, fumigatcis had 
guaranteed their work with this pest and of^red a second fumi¬ 
gation free if the first proved unsatisfactory* In the next few 
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years, the area of resistance spread rapidly, and tlic highest 
dosages compatible with the health of the trees failed to give 
sadsf^oty results, with the result that funiigatiou could not be 
guaranteed, and was eventually abandoned in favour of spraying. 
Controlled experunents showed that a dose four times the 
“danger dose” for trees was needed to kill all the resistant insects. 
In another experiment ail insects of a non-resistant strain were 
killed by sixty minutes’ exposure to 0.05 per cent HCN. But 
after sixty trunutes’ exposure to a sixfold increase of gas (0,3 
per ccnt)» many insects of a resistant strain were alive and a few 
survived ninety minutes, In general the resistant strain, in con- 
centradons which killed Co to lOO per cent of non-resistant 
strains, proved from two to four dmes mote resistant. 

Seale insects are not the only forms to show this pJicnomcnon. 
Hough (e.g. I $34) ex pcrinien tally proved not only chat strains 
of codling moth (Cydid pottu»tel!a) from different areas diJfcr 
markedly in the capacity of their l^ae to enter* apples sprayed 
with lead arsenate, but that, when the strain is raised on ftesldy 
sprayed fruit in the bboratory, the percentage of brvac capable 
of this increases from gencradon to generation, 

Resbtance in red scale is genetic (see Dickson, 1941) and it 
remain inuitered after many gcnecations in die bboratory. An 
interesting fact is that the cesistant strain of red scale has shown 
itself more resistant to variom other toxic substances, to which 
it has not been exposed in the orchards, c.g. to the fumigants 
methyl bromide and ethylene oxide, and to oil sprays. It is 
also probable that it shows gteater abiUty to withstand dcsicea- 
rion. Thus its newly evolved resistance appears to be a general 
rather than a spedde one : the same is true of the codling moth. 

Quaylc concludes that the resistant strains have ^vetoped 
locally, as a result of mtense selection due to the fiimigarion 
meth^s in vogue, When, as appears usual, they have developed, 
earlier in some localities than in others, this is presumably due to 
the availabiUcy of actual or potential variance of the right type, 
or of new mutations in the right dirccbon. In all eases the area 
inhabited by resistant strains has rapidly increased. Quaylc gives 
reasons for thinking that this is in the main due to the rapid 
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spread of local resistant types, as soNi as these ate avaiUbk 
throofih mutation or recombination, rather than to immigration 
of ii^resistant forms from the localities where they first ap^ared. 
Quayle further pome out that the standard fimugaaon dosage 
in California, in non-rcsistant as well as resistant areas, is now 
much higher than originally. “The schedules have been revis«l 
several times and always upwards. It is interesting to note 
in Australia, South AfHca, and Palestine, countries much younger 
ihan Califomk in fimugation practire, the dosage used against 
the same insect is much lower than in Cahfomia* 

This large-scale experiment with its laboratory controls is ot 
great uitcsc^i in showbig chat intense selection may be very 
efFeedve in brining about important changes, and in giving 
indicadons as to the rate at whi^ the process can opemte. 

As regards the intensity of sclecdon operating m nati^, 
R, A. Fisher (iW?) Has been able to taWatc the selcctton 
operating against {e) homozygosity as against heterozygosity o 
the various single dominants giving the numerous wlour-pattcms_ 
other than the normal or baac one, (fr) combmatioiis o two o 
these Joimnancs, in the grassJiopper Patat^lux tc.VdJins (ch p* 99)* 
The selection against homozygous single dominants var^ 
fiom about a 7 P®" disadvantage, the 

cKminarion of double dominants is esnmated to be not less man 
40 per cent in each generadon. This Fisher considers^ ^points to 
"powcrfiil and variable ecological causes of eliminadoit . wher^ 
the selection in favour of single-gene hetcr^go^ is probably 
to be accounted for solely in terms of viability dinercnecs. ^ 
In any case, if we repudiate creationism, divine or vitalistic 
guidance, and the extremer forms of orthogenesis, as ongmaton 
of adaputiou, we must (unless we confess total ig;noiancc an 
abandon for the dmc any attempts at explanation) mvoke natural 
seketion—or at any rate must do so wlmever an apnvc 
structure obviously involves a number of separate c aiactcts, 
and therefore demands a number of separate steps lor its 
A one-character, sLngk-stcp adaptadtMi might c car y ’ t _ ‘ 
result of mutation; once the niuiatiDn l^d taken pkotp 
be preserved by natural seketion. but selection would have 
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pbyed no part in its origin. But when two or more step arc 
necessary^ it becomes inconceivable that they shdl have origi ated 
simultaneously. The first mutadoii must have been spread through 
the population by selection before the second could be combined 
with it, the combitiation of the first two in turn selected before 
the third could be added, and so on with each successive step. 
The improbability of an origin m which selection has not played 
a part becomes larger with each new step. 

Most adaptations clearly involve many separate steps or 
characters; one need only think of (he detailed resemblance of 
a close mimic to its mcdel, the flying qualities of ± bird's wing^ 
the streamlining of secondary aquatics like ichthyosaurs or 
whales. When we can study actual adaptive evolution with the 
aid of fossils, as with the hooves of horses or the molar teeth of 
elephants, we find that it is steadily directional over tens of 
millions of years, and must thccefoic have involved a very large 
number of step. The improbability is thetefore enormous that 
such progressive adaptations can have arisen without the opera- 
don of some agency which can gradudly accumulate and com¬ 
bine a number of contributory changes; and natural selection 
is the only such agency that we know. In such eases it is cspeeuUy 
evident that what is sclcacd is not a particular gene, hut a whole 
complex of genes in regard to their combined interacting efiect 
(see Sewall Wright, who has an interesting discussion of 
die systems of mating, breeding, and selccdon best suited to 
obtaining results with various types of g!Cnes and gcne-combina- 
dons affecting a given pharactee), 

R. A. Fisher has aptly said that natural selecdon is a mechmism 
for generating a high degree of improbability. This is in a sense 
a pa^ox, since in nature adaptadons are the ruk, and therefore 
probable. But the phrase expresses epigrammadcally the important 
fact that natural scleaion achieves its results by giving prob- 
abiUty to otherwise highly improbable combinadoos—and "in 
the teeth of a storm of adverse mutadotis” (R. A. FUher, 1932). 

This is an important principle, not only for the couclusion that 
adapiadous as seen in nature demand natural selecdon to explain 
their origin, but also for its bearing on the "argument from 
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improbability", used by many and-Darwinians against Dar¬ 
winism in general. Beeson liM employed this with regard to 
the origin of the eye, Haldane (1932a) and others, however, 
have pointed out that a gradual improvement of the visual 
mcrdianism from pigment-spot to fully-dcvclopcd eye is to be 
expected, and that die parallel development in vertebrates and 
cephalopods of eyes with lenses is, on the basis of the laws of 
optics, not in the least unlikely. Indeed, on more general grounds, 
the properties of natural sel^oii entirely nullify the argument 
from improbability in thb and other cases. 

Tims T. H. Morgan and Hogbcii liavc a^rred iliat natural 
sclcctioit is seen, in tlic light of modem genetics, to be essentially 
destructive: in the absence of natural selection, ail the known 
forms of life would exist, and tit addition a vast assemblage of 
other types which have been destroyed by selection. Though 
both have now adopted a much more selectionist standpoint, 
these past views must be refuted as anti-selectionists still often 
cite them. 

T. H. Morgan (193^- P- UO) writes: "If all the new 
mutant types dtat have ever appeared had survtvicd and left 
offspring like themselves, wc sho^d find all the kinds of aiimals 
and plants now present, and countless others." The cateh here 
is in the t/; and the answer, of course, is that every type iinmc- 
diately ancestral to a mutant has been brought into existence 
only with the aid of selection (sec also Hogben, 1930, p. 181). 

In point of fact the general thesis is entirely uutnie. It is on 
a par with saying that we should expect the walls of a room to 
coUapse on occasion owing to all the molecules of gas inside 
the room moving simultaneously in one direction. Both arc of 
course only improbabilities—but they arc improbabilities of such 
a fantastically high otdet as to be in fact entirely ruled out. 
Each single existing species is the product of a long series of 
selected oiutations. To produce such adapted types by chance 
tccombinaiior in the absence of selection would require a total 
assemblage of organisms that would more than fill the universe, 
and overmn astronomical time. 

It should further be teniembcied that the degree of adaptive 
specialisation is cortelateJ widi intensity of selection-pressure. 
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Elsewhere (p, 426) we have notol how» in the baknee between 
the opposed adaptive tendencies towards crypdc coloiadon and 
display coloration in birds, the degree of devetopnicnt of display 
(epigamtt) adaptarioiis is directly proportiond to the repro¬ 
ductive advantage it confers upon an individual male. The 
greater abundance and development of crypdc and aposemade 
adaptations to be found in the tropics, where sekedon-pressure 
IS highest. Is also to be noted (see p. 448). 

The converse of this positive corrciatlca is the tendency of 
origuially adaptive structures or functions to degenerate in the 
absmee of further selection-pressure in their favour* We have 
spolcen of this hi relation to the eyes and pigmentation of cave 
aniinals (p. 453), but the fact is one of the commonplaces of 
cvolorionary biology, c.g. in parasiies. The vestigial wings of 
radte birds provide an cicKllcnt example^ These are in all cases 
degenerate as regards the adaptations needed for flight. Where, 
however, they arc employed in epigamic display as in die 
ostriches (Struthio) or the rheas they remain of consider- 

abk siie; but whete tHs further function is absent, as in the 
emus (Drmaeus) and cassowaries (C^isiwrjW), they are reduced 
to ve^iges* Thh tendency towards degeneradon of useless 
structures—i.e* those on which selection-pressure is no longer 
maintained—is, as we have seen (p. 455)> automatic in most 
organisms, owing to the accumulation of small degenerative 
mutations that throw the delicate mechanism of adaptation out 
of gear. This may be further generalized in terms of gene-eflects 
(Wright^ 1929)* Most genes have multiple cfifccts. Organs under 
direct selection will be modified by a system of genes; but die 
genes of such a polygenic system wiU also have secondary effects 
on “indifferent” organs, and most of thisc secondary effects will 
tend to promote degeneration in size or function. Further, when 
two Jiuked polygenic systems {p. 67) are lodged in the same 
chromosome or chromosomes, and selection is acting to alter die 
main character controlled by one system^ while that controlled 
by the other is useless, the resultant recombmation wiU *"bfcak up’* 
the useless character; in virtue of the tendency of random change 
to be towards decreased efficiency^ this also will promote de¬ 
generation. 
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None of this rcasoiiing, however, shodd apply in the case of 
orgajiisTns which do not practise outcrossing- Here, the rccoot- 
bination of “loss” mutadons is impossible, and thus degeneration 
should be exceedingly slow. Furthermore, since many loss muta¬ 
tions need recombinadonal bufFering fp. 67) to survive, they will 
be automadcally eliminated where recombination is impossible. 
The result should be the persistence of originally adaptive but now 
functionlcss simcturcs. The natural place to look for such relict 
adaptattoiis” is the floral mcchanisnis of plant species whicli have 
wholly abandoned outcrossing. 

At first sight there would appear to be numerous examples of 
this. For instance, in various Compositae, such as dandelions 
(rnrujciacuni) and hawkweeds {Hiermum) there exist a number of 
forms whicli, in spite of producing all thetr seed by obligatory 
apomixis, continue to form showy flowcr-Jicads. obviously 
adapted to attract insects. However, the persistence of these erst¬ 
while adaptations may be due to the short dme dapsed since the 
change to apomixis. On the other hand, in Taraxoaim Dr. Turrill 
informs me that apcmtxts very probably dates back at least 10,000 
years. 

A more serious objection is the existence of numerous “corre¬ 
lated characters’' of the capitulum which still have functional 
significance. Various parts of the mechanism provide the de¬ 
velopmental scaffolding for the adaptive pappus ^ the ray florets 
still play a protective role during the night closure of the head, 
though this protection Itself is perhaps a relict adaptation as it 
probably concerns the pollen. However, such considerations 
would not apply to ob%ate apomicts in grasses, where the relict 
floral mechanism was adapted to anemophilous cross-poUination, 
nor to the vt^ccatively reproducing cocal-root, Dtiittifia 
which still m^es the unnecessary gesture of producing obviously 
etitomophilous flowers without any apparent subsidiary function. 

Obligatory self-pollination should produce the same result. 
Here the difficulty is to find satisfactory examples, since in most 
cases some outcrossing srijl occurs. Thus the orchis Epipsais kpttf- 
ehik is normally sclf-poUinadiig, but cross-pollination can occur 
during a brief period. The closely allied E iMi/olia is exclusively 
crosvpollinated (Godfery. M. J., 1933. Monograph of British 
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OrclucUceae, Cambridge). However, Dr. Mather jnfomis me 
that, in Britain at least, the tomato {So/dnum lysapersiatm) shows 
no cross^poUimtion (save in one anomalous variety); yet Its obvi¬ 
ously entomophilous flowers persist. In some cereal strains, die 
frequency of cross-poflination is so low (only i per cent) diat It 
should enormously reduce the speed of degeneration, 

There is thus a prima fade case for the persistence of “rdlct 
adaptations" whenever cross-breeding is absent (and perhaps 
when markedly reduced), but more investigation is required for 
full confinnation (See HiiKicy, 1942, Nature 149:687). 

8. ADAfTATTOK AHO SELBCmON NOT NECESSAIUIY 
BENEFICIAL TO THE SPECIES 

So far, we have been discussing adap^tion more or less tn t/acuo. 
We must now draw attention to the important fact that it will 
have difierent eBccts according to the type of selection operating. 

This is best Ulustiaicd by the distinction between interspecific 
and intraspedfic selection. In one sense, almost all selection is 
intraspedfic, in that it operates by favouring certain types within 
the spedcs at the expense of other types. The only exceptions 
would be when species spread or become extinct a$ wholes. 
The former occurs with such species as arc produced abruptly, 
c.g. by allopolyploidy after hybridization. The latter occurs 
when no strains within a spedes are capable of adjusting them¬ 
selves to a change of diniate or to the arrival of new competitors 
or enemies. Selection in such cases no longer operates by any 
diflerential action between dtflerent strains, and the whole spedes 
spreads or disappears in competition with other spedes. 

The term intraspecific selection can, however, properly be 
used in a more restricted sense, to denote selection concerned 
only with the relations of members of one spedes. On the same 
basis, interspecific selection ts then selection which is ultunately 
concerned with the cuviionmcnt or with other spedes. Thus 
selection for speed in an ungulate will operate intraspcdfically 
in the broad sense, but is direaed interspccifically in being con¬ 
cerned with escape from ptedatots. Similarly scicctioiv for- cold- 
r^istatitc in a period of decreasing temperature is directed 
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cnviiDnmai tally, and may favour the entire species in conipetitioii 
with othcrt. But selection for striking epiganiic plumage in male 
birds is directed mtraspccifically, in being concerned witK the 
advantage of otic male over another in reproduction. It would 
thus be tuorc correct to speak of selection concerned widx Lntra- 
or interspecific adaptarion; however, it b more convenient to 
use the terms in the sense I have just outlined. 

We have already discussed intraspecific selection briefly in 
relation to the numerical abundance ofspeaes (p. 34)- scarce 
species, competition will be mote with other species and selec¬ 
tion will be related more directly to the environment, while in 
abundant species there will be more competition between indi¬ 
viduals of the species itself. Of course inter- and intraspecific 
selection will often overlap and be combined; but the intensity 
of one or the other component may vary very greatly. 

An interestmg type of selection which b in a certain sense 
intermediate between interspecific and intraspecific, may occur 
in forms which exbt in numerous and relatively istibted local 
populations, particularly if the local populations are subject to 
large fluctuations in numbers. In such cases (Wright, 1940^) a 
local population may "arrive at adaptations that rum out to 
have general, instead of merely local, value, and which thus 
may tend to displace all other local strains by . . . excess 
migration". Wright calls this intergraup MrltcthtL When this 
operates, group compete qui group, on the basis of ebborate 
gcno<ombina£ions restricted to the separate group, It h prob¬ 
able that this type of evolution has pbyed a considerable role 
in some kinds of specks: cf. Sunuier (i9J2, p. S4) for Puromyuus, 
Intergroup selection, however, may operate between group 
with a functional basis as well as between those with a regional 
basis (local populations). Intergroup selection of thb sort we 
may prhap call social selection, since it will encourage the 
gregarious instinct and social organtzatioii of all kinds. As Alice 
(1938) has recently stressed with the aid of a wealth of examples, 
Ae bases for social life in animals are deep and widespread. 
There exist numerous cases where it Iws been cxpiimeutally 
shown that a^rcgarions of a certain sisx‘ etijoy various physio- 
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logical advantages ovor single individuals. Once that ocoirs. 
selection will encourage bebaviout making for aggregariou and 
the aggregarion itself will become a target for selection. 

In a later paper (1940) Alice develops this diemc further^ 
He shows^ that when degree of crowding is plortcd against 
efficiency for a large nomber of functions^ the resultant ctirvcs 
ame of two sharply distinct types. !n the first type (which I 
suggest might be distinguished as uni [-elective, since selection 
falls on the unit individual)^ the performance has optimum 
efficiency of lowest pofmladon density (e.g. a single pair for 
maximum fertility per pair in various insect)* But in the second 
(which perhaps could be called group-selective, not because there 
are mote selective factors, but because the group of many iiidi- 
viduals becomes a target for sekedon), dieic is a phase of 
^^undercrowding^V during which the efficiency of the function 
increases with population density^ finally reaching a peak and 
then descending in a phase of overcxowdkig. A special case is the 
reproductive advantage conferred by siac of colony in colonial^ 
nesting birds {Darling, 19:59; Vesey-Fitzgcrald, 1941. p* S^Sl 
J. Fisher and Watcrs£on+ 1941; and cf. p+ 103}. 

Processes of this type will of course give curves differing m 
shape, slope, and so forth, and will have correspondingly different 
results. Wherever such a curve occurs, it means that an aggre¬ 
gation near the peak value will constitute “a supralndividual 
unity on which natural selection can act* * * * Such low or 
feeble sodal units may be poorly mtegrated, but still possess 
demonstrable survival value”; and our of such primitive group 
ings, intergroup social selccdon can evolve such spedalizcd 
group-units as die ant or tenuitc colony. 

Finally, since processes giving curves of the multLselcctive 
type have been discovered in every major group of animaK 
biiomes clear that sodal selection will be widespread, and tliat 
'"sociality is seen to be a phenomenon whose potentialities ate 
as inherent in Uving protoplasm as are the potentialities of 
destructive competition”. 

In general, the intraspccific type of selection is much com- 
tnoucr than is generally supposed^ Thus to diink of natural 
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selecticjn as first foremost a Jia*ct struggle wirli ciH-niics or 
with the elusive qualities of prty Is a fallacy. An equally iniportan: 
feature of the struggle for existence is the competition ofincn ibcrs 
of the same species for the means of subsistence aaid for repro- 
duction. Surprise has been expressed by some biologists at the 
fact that in New Zealand, domestic pigs which have become 
feral Have, in spite of the absence of predatory enemies^ reverted 
to something like the wild type; but in conipcHdon for food 
and reproduction; the leaner and more active wild type must 
clearly have a strong relative advantage over the fatter and more 
sluggish domestic forms, so that reverse mutations or reversionary 
recombinations will be favouitd. by selection^ 

Elsewhere (p, 426) wt consider other examples of liitraspcdfic 
selection. Sometimes the compeddon is restricted to individuais 
of one sex, as In intrascxual selection; sonredmes to uidividuaU 
of a single litter, as in the intnutcTinc sclecdon of niainuiab 
(p. 525). Again it may be especially incense at a certain period 
of life, as is the compeddon for light and space betwtxn the 
seedlings of nialiy higher plants. Another example from plants 
concerns the compeddon between the haploid male plants pro¬ 
duced by tlie pollen-grains. Genetic re^'arch has shown that 
these may be aftbctetl in various ways, meluding the rapidity of 
their growth down the style, by the gjcncs they bear. As a result 
of this* ceriaHoit^ or a 'struggle for fcrdUzadoif^ between 
gcncdcally different types of poUcn-graiii, may and often docs 
occur, and genes which induce rapid growtii of pollen-tubes 
will often be at a premium^ Nothing of the sort, however, appears 
to take place in higher animals. The only known cxcepdon is the 
gene described by Gershmson in Dros&plnla^ widi Icdia! 

effects only on Y-bcaring sperms. There is also die alleged differ¬ 
ential activity of the rwo types of sperms in forms widi nialc 
Jictcrogamcty; if this be a fact, it is probably due to some effect 
of differentia size* the malc-determinjtig appearing to have in 
many eases a smaller head« 

Even in most of the rcUtions between a specks with its enemies, 
compeddon is intraspecific. Normally, certain number of indi¬ 
vidual.^ arc binmd t<i Ix' killed: wIk'u the main pressure of 
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selection is directed to keqsiiig an individual out of the category 
of the reUdvcly unprotected* where ii will be an almost certain 
victim. Into that of the wcU-protected where at least it has an 
even chance of survival. Any improvement in the protection of 
some individuals will lead to the bulk of the population being 
placed at a disadvantage, so that they will once more conic 
under selection-pressure. Such considcraciom will apply to speed 
in escape^ cryptic and mimetic resemblance, and many other 
adaptations against predators^ 

In a different sphere* most competition within civilized human 
societies is between individuals. The difference of course b that 
success in this competition is nor biological* measured by in¬ 
creased survival to later generations^ but social, consbdng of 
rnonetary and other sadsfacdous* in fact social and biological 
success arc usually kivcncly correlated. 

ArtiJidal selection b clearly intragroup in its methods. Thus 
racehorses arc selected for reproduction almost entirely on the 
basb of their individual performances. In most domestic formSi 
however, once marked breed characteristics have been cstab- 
Ibhed, in ter group (interbreed) competition may operate* and 
reduce or wholly elimmatc certain types. 

The dependence of the results of selection on the type of 
competition prevailing is well seen in the case of the jtodal 
hynicnoptera* sucli as honey-bet$^ wasps, and ants, where repro¬ 
ductive spccialkation prevails, and therefore the extincriosi of 
individual neuters can have no effect on the constitution of later 
generations, provided that the community survives {see p. 4S0),* 

Haldane (19^32*1) has detiionstrabcd that only in such a society, 
which practises reproductive specialization, that most of tire 
individuals are neuters, can very pronounced ahruisric mstincts be 
evolved, of a type which '*arc valuable to society* but shortei) die 
lives of their individual possessors”. Thus unless we drastically alter 
the ordering of our own reproduction, dicre b no hope of making 
the human spccksniudi more imiatclyaltniistic than it bat present* 

* Ai Weiiniiuin carfy poinli'd uuf {kc disnu^nn in Emcnon, igjvk 
tion df this type will b^inrc inorc eiRttivc ai tlic number of teprtMluctivet in 
a fdkmy ti reduced—hcticE the coiidiiiDo;! in mosi feniiiEei iiid 

social hymeuopbcrj. 
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The existence of intraspedfic selection, Le. sclccttoo between 
giciictieally ditferent types within a species, enables US to expose 
another widespread fallacy—namely, that natural selection and 
the adaptations that it promotes must be for the goCNl of the 
species as a whole, for die good of the evolving type putsalng a 
long-range trend, for the good of the group undergoing adaptive 
tadiadon, or even that it must promote constant evoludonary 
progress. In aatial fact we find that jntraspcdfic schredon fre¬ 
quently leads to results which arc mainly or wholly useless to 
die species or type as a whole. Thus the protection affiinled by 
3 cryptic or a miinedc resemblance of moderate accuracy might 
speedily approach the limit so far as its value to the species is 
concerned, if there were any way in which selection could be 
restricted to effects on the species as a spedcs. But as a matter of 
fact sclecdon acts vii individuals, and this intraspccific compe- 
ddon between individuals will often lead to the process of 
adaptadon being continued und! almost incredibly detailed 
resemblances are readied. The perfeetioii nf the rescmblauce of 
Katlima to a dead Icnif is ^uie id the marvels ol nature; not die least 
niarvetlous aspect of it is that it is of no value to the species as a 
whole (see p. 427). 

A. J, Nicholson (rpjij has pointed out how advantages 
opcradiig at one stage of the life-history may be compensated 
for by increased mortality iti other stages, so that the species 
docs not benefit as a whole. Thus in most Lepidoptera a cryptic 
pattern favouring survival of adults will result in mote larvae, 
which in rum will permit a disproportionate increase in para- 
sitoid infection, thus bringing down the number of adults again. 
Wherever this balance of eliminadon as between stages is approxi¬ 
mately sclf-regubting, factors affecting it will be over-riding as 
regards interspecific selection, wliUc selection for other characters 
must be intraspecifiC. {In very imfavourable conditions with 
much reduced adult munbers, the cryptic pattern might become 
valuable for the species as a whole,) 

In such examples, die adaptadtm is at least not deleterious, hi 
iichcr cases, Iu>wcvcr, it may lead to dclcicrious results. This is 
perhap.S'^spccially true of sclccriou whidi is not only intraspccific 
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—confincti to competition between members of the s^mc species 
—but also intrascxual—confined to competition between mem¬ 
bers of the same sex of the same species. When polygamy or 
promisiscuity prevails, the selective advantage conferred by 
cliaractcrs promoting success in mating will be exfrcnielv liigh 
(p. 427J' accordingly in such forms wc niLict with maic epigamic 
characters of the most bizarre sort wliicb, while advantaging tlicir 
possessor in the struggle for reproduction, must be a real handi¬ 
cap in the smi^le for individual existence. The train of the 
peacock, the tail of the argus pheasant, the plumes of ccitain 
birds of paradbc. die horns and anders of certain ungulates, are 
obvious cxaniples. In such cases of course a balance will even¬ 
tually be struck at wliich the favourable effects slightly outweigh 
the unfavourable; but here again extinction may be the fate of 
such precariously-balinccd organisms if the conditions change 
too rapidly (see Huxley, i 9 jSfl and t). 

We may, however, go further and suggest with Haldane 
that intraspecific selection is on the whole a biological 
evil. The effects of competitiort between adults of the same 
species probably, in his words, *'tender the species as a whole 
less successful in coping with its environment. No doubt weak¬ 
lings ate weeded out, hut set they would be in competition with 
the envitonmenr. And the special adaptations favoured by intra- 
spcdfic competitions divert a certain amount of energy from 
other iunctions, just as armaments, subsidies and tariffi, the 
organs of international ronipctition, absorb a proportion of the 
national wealth which many believe might be better employed". 

Intraspcdfic competition among ancmophilous plants has led, 
it seems, to a real overproduction of pollen; among male 
maiinnals t« imwieldy sire as in sca-cJcphaiics, or m over¬ 
developed weapons and thrcat*organs as in deer and various 
homed groups; among parasites to their often monstrous exag¬ 
gerations of fertility and complications of reproductive cycle. 

There can be little doubt that tlic apparent orthogenesis wliich 
puslics groups ever further along their line of evolution until, 
as witli :.izc in some mcsoioic rcptilef and armour in odiers, they 
arc balanced precariously upon the edge of extinction (p, jo 6 ]. 


Ar^APTATtO!^ AND SELECTION 

IS due, especially in its bter stages, to the liypcrtciy induced by 
iuLtaspccific competidon. 

This conclusion is of far-reaching importance. It disposes of 
the notion^ so assiduously radonaJized by die militarkis in one 
way and by the lai^r-fairf cconotnists in anodicr^ that alt man 
need to do to achieve further progressive cvoludon is to adopt 
the most thcsroughgoitig competidon: the more ruthless the 
compeddon^ the more efficacious the selcctiotip aiiid accordingly 
the better the results. . . , But we now realise that the results 
of selection arc by no means necessarily "good^*, from die point 
of view cither of the species or of the progressive evolution of 
life. They may be neutral, they may be a dangerous balance of 
tiscful and liarmful^ or they may be dcfuiiccly deleterious. 

Natural selection^ fact^ though like the mills of God in 
grinding slowly and grinding sniall^ has few other attributes 
that a civilized religion would call Divine. It is efficient in its 
way—^at the price of cxm^mc slowness and extreme cruelty. 
But it is blind and mechanical; and accorditigly its products arc 
Just as likely to be aesthetically, morally, or mtellcctually repul¬ 
sive to us as they are to bo attraaivc. We need only think ofthc 
ugliness ofor a bladder-worm,, the stupidity of a rhincsceros 
or a stegosaur^ die horror of a female mantis devouring its mate or 
a brood of tchncumon-flks slowly cadng out a caterpillar* 

Both specialized and progressive iniprovements arc mere by¬ 
products of its action, and art the exceptions rather than the 
rule. For the statesman or the eugcnist to copy its methods is 
both foolish and wicked. As well might tlie electrical engineer 
copy the methods of the lightning or the heating-engineer those 
of the volcano. It indubitably behoves us to study the methods 
of natural selection, but this will be to discover how to iiioJily 
and control them in new ways and* very definitely, to see wltat 
to avoid. Not only is natural selcctioti not the instrument of a 
God’s subhme purpose; it is tiot even the best mechanism for 
achieving evolutionary progress. An important step towards a 
rational applied biology will be the full analysis of tlic various 
modes of operation of selection with a view to its eventual 
lontrol and its intensify,atiiin for our 41 wn purposes. 
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r, TR£NDS m ADAFTTVF BACHATION 

We have now to coiisidci long-range evolutionary trcncls. Tlie 
primary evidence oii these con)C& from continuous fossil series, 
but incomplete or even fragnuentary series may often be satis¬ 
factorily completed by the use of indirect evidence from com¬ 
parative anatomy and embryology, and the iiidiiect evidence 
may supplement the direct by showing us, to a considerable 
degree of probability, with what pbyriology and what behaviour 
to cloak die fossil bones. 

Later in this chapter, we shall discuss diose trends for which 
no adaptive meaning has'as yet been discovered. But it seems 
clear that the considerable majority arc definitely adaptive. So 
obvious is thb conclusion that it has found expression m die 
torrent phrase adaptive radiation (first employed as a gt'ticraliia- 
tion fay H. F. Osborn; see c.g. Qsbom, 1910). This is'empioyed 
to cover the well-known fact that large systematic group usually 
con tain repmsentatives adapted to a number of mutually exclusive 
ways of life. The converse principle is that of die parallel physio- 
logical Or structural adaptation shown by the most diverse kinds 
of animals confined to a single type of habitat (pp. 430 (!.; and 
examples in Hesse, Alice, and Sebmidt, 1937). Atlaptjvc radia- 
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don is most obvious in the case of classes and snb-classcs, but 
may be traced both in higher and lower systematic units: how- 
evcr» in phyla and other imics of high rank, the phenomenon is 
manifested only on very broad lines, while in sm^ groups such 
as families the type is in general so much restricted that the 
radiation is neither so many-sided nor so obvious. 

Thus classes and sub-classes provide the optimum size of group 
in vrhich the phenomenon may be studied: and in such erases^ 
whenever paleontological evidence is avadahlc (as it b notably 
in the placental mammals^ but also in the reptiles and other 
groups) the adaptive radiation is seen to be the result of a number 
of gradual evolutionary trends, each rending to greater spedaliza- 
tion—in other words to greater adaptive efficiency in various 
mechanisms subservient to some particular mode of life. As we 
have already pointed out* adaptive radiation is ecological diver¬ 
gence in the grand manner. It is the large-scale group manifes¬ 
tation of the process whose details in minor systematics we have 
discussed under the head of ecological spcciation; and each 
single adaptive trend also shows the phenomenon of succcssional 
speciation. 

In tj^pical cases of adaptive radiation,, a number of lines take 
their origin in a generalized early group. There has been some 
dispute among paleontologists as to the degree of gieneralizadon 
to be expected in an ancestral lorni (see Gregory^ For 

instance, Henry Fairfield Osborn and his school wished to 
extend considerably the principle of parallelism in (mammalian} 
evolutionj by assuming that in each group numerous separate 
lines of descent run parallel far back into geological time^ before 
divergence from a common ancestor can be postulated (even 
for the orders of modem placenul mammals, common ancestry 
is, by authors of this way of thinkings frctjuently a^umed to date 
back to the Upper Cretaceous); in correlation with this view, 
the Osborn school further assumes that *“cvcn any remote 
ancestors of any t) pc must* in order to be admitted as such* 
already exhibit unmistakable signs of the characters which are 
very evident in their descendants*'. Thus Miller and Gidicy deny 
to the Eocene rodent ParamYs any ancestral significance for 
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mcMjcm . rodents such as squincU and beavers* because it exhibits 
no trace of the spcdalizadoii which these modem forms possess. 

On the other hand, nio^t paleon[obgi5ts do not shrink from 
the idea of radical transfomiarion and apparent new origin of 
characters within a tine. Thus W. D. Matthew regards Pdfdmyj 
as aiiccstol at least to the squirrels and beavers. There would 
appear on general grounds no reason to accept the views of the 
Osborn schtxjL Ac sonic dine die specialized must certainly have 
arisen from the gcncralricd. However^ just because the ancestral 
type is so generdized, it is often^ in view of the imperfecriojis 
of the dossil record, very ditficulc to push the history of a given 
tine back beyond the point at which the first obvious signs of 
its characterisdc spedalmdon appear. The stock at this stage of 
iti evolution is ofien a variable one, and may show numerous 
combinations of characters not found in any of the later types 
derived from it. Specializadon often cotisisls partly in the restric- 
don of the character*cotiifamadon 5 found; and for the rest* 
chiefly in quandcadvc alterations in the relative development of 
this or that character. Tk^ process of specializa.don in all lines 
continues steadily^ but with difierent intensity in diflerent Hues, 
for a considerable timCt which in the higher mammals at least 
seems to last for between ten and forty million years; eventually 
change ceases, and the specialized type either rapidly becomes 
extinct or else continues unchanged for further geological periods. 

A further feature of such trends as have abundant fossil 
documentadon, such as diat o-f the horseSi is tiic amount of 
parallel evoludon that occurs. Closely related stocks appear to 
develop along similar linest although fiequendy one hm will 
show acceieradon in one adaptive trend, such as the specializa¬ 
tion of the grinding nicchanisni of the teeth, with relatively 
slow development in another, such as the specialization of the 
hoofed foot (see Matthew, and Stirton, 1940, for horses; 
Oibotti^ 1929 and [936, for dtanothcres and for elephants; 
Swinnertoii, 1921^ for various invenebrates; and pp, 514 seq-)' 

Another feature of tnmds that arc well-documented by fosils 
is the great amount of variability that often occurs ac any one 
time, with consequent marked overlap at diJfcretit levels. Thus 
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Truemati (1922) mvcsdgiteci the evolution of a curved Grypliaea 
type of shell from a 6at Ostrea type. The ciirvaturc in the flattesE 
shells from the lowest level investigated was only 10*, whiL' in 
the most curved shelb from tlie highest level it was 340°.* 
But the range of variation at 6vc successive levels was as follows: 

No. 1 10^130 

No. 2 100^340 
No. 3 180-400 

No. 4 220-500 
No. 5 270-540 


In goieral* no iharp line cm be diawn bem^n long-mige 
ucods extending over scores of millions of years and sKon-fangc 
trends of under a million ycajs (see Swinncrton, 1932). 

Swinnerton (1940) has investigated the same evolutionary 
trend in more detail in another Ostrea-Crypk&^ii lineage. He finds 
the same great range of variability at any one cinic* He has 
further been able to prove, by iiiEcrcsdng graphic methods, that 
in certain characters the Uter communidcs diftcr from the earlier 
merely in a restriedort of the original variability, whereas in 
other characters they have moved partly or wholly beyond the 
limits found in the original community. 

We will for the moment leave out of considcradon those 
advances (though they too are adapdve) wliida concern higher 
all-round organic efficiency rather than gieaier efficiency in 
relation to a pardctilar environment or mode of life, and which 
arc better cl^ffied under the head of biological progress dian 
under that of specialization: these will be dbeussed in Chap. 10. 

The process of adaptive radiadon may be illustrated by die 
group of placental mammals. From the small and generalized 
terrestrial forms of the end of the Cretaceous and the very 
bcglnjiing of the Cenozoic, lines radiated out to take possession 
of different environments.^Two quiic separate lines became fully 
aquadcr one of flcsh-<accrs cuhninadng in the whales and pir- 


* MfaiimmLJiu cxpricmd in af letal cnoiling Lmccad qF iii tcniif 

the ipiral ingk, ai by Tnicnwi, 
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poises, the odier of herbivores leading to iItc sea-cows and 
nianatces. Soil another linep that of the seals and the sca-Uons, 
branched oif from the carnivore stock and became aquatic txcept 
for reproduction. The bats nicanwhik specialized on aerial hfe* 
and the primates on life in treesp The main ground-Hving forms 
belong to five chief hranchcs-^dic carnivores^ the rodents, the 
elephants, the odd-toed and the even-toed ungulates. The rodents 
specialized for gnawing, rhe carnivores for the capture of large 
living prey: both ungulate groups, though quite separate in 
evolution aiy origin, became highly adapted to a herbivorous 
diet of grass or Icaivcs and, in rhe most advanced types, to rapid 
locomotion 1 the clephanis concentrated on a different type of 
vcgcEaiian specialization, with the aid of tusks, trunk and lar:0e 
bulk. ^ ^ 

Among other groups, the South American edentates or 
Xenarthra are instructive. They represent the surviving remnants 
of a primidve early mammalian stock, an d are not characterized, 
as are the successful groups, by one predominant spedalkalion^ 
On the contrary, their affinities are revealed only by compara¬ 
tive anatomy, and they show remarkable divergent.spccializa- 
rions—the armadillos to protection by heavy armour, the ant* 
eaters to an ant and termite diet, the sloths to an upside-dowii 
arboreal existence, and the recently extinct ground-^oths to a 
sluggish herbivorous life coupled with great bulk* k appears 
that they have only been able to survive through embarking on 
a secondary adaptive radiation of their own, superposing high 
ecological speciaiization on a primidve organizadonal ground- 
plan** 

Something of the same sort has occurred with the imccdvores 
—we need only think of mole and hedgehog-^ough the 
members of this group have m large measure survived by 
remaining generalized and of small size and by occupying humble 
niches in the economy oflLfe. 

Other groups, however, have disappeared entirely, notably 
the higher cre^onts among the caimvorts, and among vegeta- 

* A sUnibr sccoiiiiaTy ndkilon. but here corrcLtcd with nmrt rumpleie 
CDinp«i[iQii, ii$m\ in in the AuMrelbn region: m pp. 3^4, 491. 
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rians, ihc aniblypods, the titanotliL'm.'s, the tyjHJtlicrcs and their 
relatives, flic chalirothcrcs md the baltichithcres. All tlicse were 
spedaliicd, aiid many of tltcm of lari^ bulk, hi every ease it 
appeal^ [liat they were extinguished because with tllcir primi¬ 
tive general organization, notably as regards the siae and 
efficiency of their bcain, they were unable to compete success¬ 
fully with the later-evolving carnivorous and herbivorous 
lines. 

Each successful line of course radiates further into stilr-lincs. 
Among bats, for instance, there are fruit-eaters, insect-eaters, 
fish-eaten, and blruxl-suckcrs, Annmg ectacrans tlicrc are the 
giant whalebone food-strainers, the big toothed whales special¬ 
ized to feed on deep-sea cuttlefish, the camivoruTis killer-whales 
attacking other niarinc mammals, and the jiorpoises and dolpliins 
specialized for fish-eating. Even among seals there is marked 
adaptive- radiation, some eating fish, others ccphalopods, others 
crabs, and still others penguins. Still finer adaptive specialization 
takes place within the sub-lines, Emerson {193S) gives a valuable 
summary of the adaptive radiation of termites, wliich is largely 
cmiccmcd with the type of ntsr-cotistructioii. We liave given 
examples from birds in Chapter (i (p, 325). 

It is instructive to compare the adaptive radiation achieved 
by different groups. The inaisupials, for instance, that were 
isolated in the Australian region underwent adaptive radiation 
quite separately from other mammals elscwhci'c, wliethcr marsu¬ 
pials or placentals. The fact that they alone among marsupials 
were able to specialize to this extent is doubtless a large-scale 
example of the phenomenon noted in Chapter 6 (p. 32+), of 
the greater degree of difierenriation made possible by reduced 
competition from other types. However, the number of sjweiali- 
zatiotis achieved, and tlicir efficiency, was not so high as in tlu- 
placentals. This in all pfobability is to be ascribed to ihc lesser 
scope for vamtion aiid the lesser degree of selcxtivc pressure; 
this is due to the smaltcr size and less varjt;d natuie of the area* 
which in their turn restrict the total nuiubcrs of orgaiiisfiis in a 
species* andi thca'fore the potential of vafiariou, and also lijiiic 
the nuiubets of different ecological niches. Some of the special- 
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izcd treads arc cTtfcuicly similar to those found iti placcutaJs. 
For instance, the marsupial mole and wolf show a remarkable 
parallelism with their placental counterparts. In many eases, 
however, the sanic general type of spccialiiation is achieved, 
but in a diilercnc way. The kangaroos arc the outstanding 
example of this. They ate well adapted to life on grassy plains; 
but nothing similar to them in detail has been evolved among 
placcntals as dominant plains herbivore, and among marsupials 
nothing has been evolved similar to the placenrals’ main speciali¬ 
zations for plains life—the horses on the one hand and the 
antelopes on the other. 

Some lines arc altogether lacking in the marsupbl radiation: 
c.g. neither ae|uatic nor fully aerial forms were evolved. Others, 
such as carnivorous types, are relatively poorly de .■clo|>ed; but 
still others, such as small arboreal types, are more extensivefy 
developed thati in placcntals. In general, however,. adaptive 
radiation saw to it that the main ecological niches are occupied 
by the Australian marsupials, even though the methods of occupy¬ 
ing them frequendy differs from those adopted by the placentas 
in their radiation. There is little evidence that intrinsic variability 
or other inherent properties of the stock have much to do with 
the differences between the two sub-classes. 

The evoludon of the Australian marsupials demonstrates 
adaptive radiadon on the part of a medium-sized taxononuc 
group restricted to a medium-stzcd area. Adaptive radiation may 
be seen in much smaller areas as well as in much smaller groups. 
Thus nvodcrti work (Yonge, 1938^, 1938/1) indicates that [he 
remarkable prosobrandi moUuscan fauna of Late Tanganyika, 
which is unique in fresh waters both in abundance of species 
and in special types, is not (as was originally suggested) derived 
from a part of a Jurassic marine fauna cut off in the late, but has 
evolved m situ from forms already adapted to fresh water. All 
fresh-water gastropods are herbivorous: this is proved for all 
die Tanganyita forms by their possession of a crystalline style. 
They have radiated into a variety of forms, adapted for living 
at difierent depths and in waters containing different amounts 
of sediment, and for seeming their food in radically different 
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ways. HowcvcTp k is interesting to ixoxc di4i[ the rauiadoii k 
liniiteii in one iniportaziE particukr—no carnivorous types have 
been evolved. 

Similar local radiation permitted by long isobrion Ins been 
shown to occur in the gammarids and other forms of Lake Baikal, 
die cichlid fish of Tanganyika and other African lakc^ (pi 124)^ 
and certain birds of oceanic islands (p. }25}- As we should exptcr, 
all degrees m amount of radkdon appear to exist. 

The adaptive radiation (or rather r^iadons, since several were 
superposed) of the rcpdlcs during the Mcsoaoic Period is per¬ 
haps more comparable with that of placental mammals than is 
diat of die Australian marsupials, since they affected a major 
group in the main land area of the globe* In this case all possible 
main lines were evolved p including the full aerial and a dispro¬ 
portionately targe number of aquatic types. The excess of lines 
tending towards very great bulk is ^tso prominent. This fact 
looms over-large in most discussions of die subjeetp and it is 
often forgotten, even by professional biologistSp that ismall types 
adapted to erect as well as co quadrupedal ruimingp to arboreal 
life, etc,, were also evolved. Here again there is no evidence of 
any ncstricrioTi of variability: the peculiarities of the reptiUan 
radiation, while in part due to the inherent properties of the 
reptilian stock (scaly covering, small brainp etc.), appear co 
depend in the main on peculiarities of the physical and biological 
environment of the period. 

The cssenet of adaptive radiation thus consists first in die 
invasion of different regions of the environment by different 
lines within a group, and secondly in their exploitation of ditier- 
ent modes of life. In both cases progressive adaptation is at work* 
In the first case this may lead to whoUy new parts of die environ¬ 
ment being colonized: for instance the sea and the air formed 
no part of the environment of the original mammalian stock. 
In the second case it may lead to wholly new organic arrange¬ 
ments: for instance binocular and macular vision in higher 
primates, the baleen filter of whalebone whales, or the rununanc 
stomach in higher even-toed uugubtes. 
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2 . THE SStECim DETERMXNATlOfi OF ADAPTIVE TRENDS 

Tlic trends seen in adaptive radiation would appear to present 
no difficulties to the selectionist, and it i$ Hard to luideistand 
why they have been adduced as prcKtf of non-adaptivc and 
intemally-dctcniiuted orthogenesis. Whenever they are truly 
funetioual and lead to improvement in the mcdiantcal or neural 
basis for some particular mode of hfe, they will confer advantage 
on their possessors and will come under the influence of selection: 
and a moment’s reflection will show that such selection will 
continue to push the stock fljrtber and further along the line 
of development until a limit has been reached. 

This hinit is usually determined by quite simple biomechanical 
principles. A horse cammt reduce its digits below one per foot, 
nor can it, with a given body~sizc, increase the complexity of 
the grinding surface of its molars beyond a ce rtain point >^ithout 
making the grinding ridges too small for die food to be groundL 
The selective advantages of mere size, wliich must often be 
great in early stages of a trend, will be later offset by reduction 
of speed, or difficulties of securing sufficiency of food, or, in tlic 
final limit in land animals, by the relative incR'ase of skeleton 
necessitated.* There is a limit to the acuity of vision, to the 
sneamhning of aquatic form, to the length of a browser’s neck, 
which cm be useful or indeed possible to hawk or vulture, to 
whale or porpoise, to geienuk or giraffe. 

When those biomeclianical limits have been reached, the trend 
ceases, and the stock, if it is not extinguished through the increas¬ 
ing comperitiou of other stocks which have not yet readied the 
limits of their trends, is merely held by selection to the point it 
has reached. Ants, in some ways the most successful of invertc- 

* If die umr pirti^HMtiQru arc TCtsined wJiilc abwiule sac is iiicrcucdL cfix$- 
iccdoiul am of baiie jodrciscs as the square of IbtcAr hut wdghi 

to be s^ported at fhcfT cube. After a emm lunit iht bone is unable lo support 
the wcEghc . For bmniu thigb-bontf ^iJl breik if called on to support 

about tiuiH the weJ^i they now supnn. Thus a tenfold iiijctEa$c of mao"* 
luHT dimemiocu wado bring hiru lo me paint where be could no lou^r 
support his own wc^i, since m^s^tcaion of a ihigh^iaiii^ would iucmx a 
hiuidredTold, whiir wdgM would increase a thuurandlbld, aitd w .s^ch squafe 
inch of femoral exon-sectiait would be called upon to support ten tiiiirt ai much 
weight. {Sc?r O'Arty Thoanpson, 1917, Chap. 1; Haldajie/ 1917^, p. 18.) 
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brate groups, reached the liznits of spcdalizadon at lacest by the 
Olip^iCcnc, and have shown negligible evolunonary changes in 
the succeeding 30,000,000 years (Wheeler, 1910). The dtano- 
thcrcs reached theirs long before most placental trends had 
been achieved, and accordingly were later extingdshed by 
the compedtion of more efficient rivals. In general, the most 
successful mammalian group reached their limits in the 
piitM:c‘nc+ 

One important fact must be stressed, since it is often over-- 
ltx>ked by those who would uphold an orthogenede as against 
a selecdonisc interpretarion of such trends. It is that die enviton- 
ment to which a given line becomes adapted is organic as well 
as inorganic : it includes all other forms of life with which the 
type comes into ecological rekdon, as weU as purely physical 
and climatic features. Sometimes the inorganic environmait 
changes markedlyt as when there is a climatic revoludon. such 
as occurred at the end of the Cretaceous^ but in general it is the 
OEganic environment which shows the more rapid and important 
altcradons. 

Thus the cvoludon of the ungulates is not adapted merely to 
greater efficiency in securing and digesdng grass and leaves. 
It did not take place in a biological vacuum, but in a world 
inhabited, inttr u/w, by carnivores. Accordingly, a large part of 
ungulate adaptadon is relative to the fact of caniivorous enemies. 
This applies to their speed, and, in the case of die ruminants, 
to die elaborate arrangements for chewing the cud, permiremg 
the food to be bolted in liascc and chewed at leisure m safety. 
The relation between predator and prey in cvolutJon b somewhat 
like that between methods of attack and defence in the evolution 
of war. In recent naval history, for uistante, an advance in the 
efficiency of big guns has immediately put an additional premium 
upon advance in armour-plating, and vice versa. Sonicrimcs 
advance is so great that an entire method oi attack or defence is 
rendered obsolete. The improvement of artillery led to the 
abandonment first of fortified casdes and later of city fortifi¬ 
cations as methods of defence: machine-guns and barbed wire 
forced die abandonment of die cavalry charge as a method of 
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accadl. Such radical changes have their biological parallels in the 
entire or aimost endre extinction of a group. 

The dependence of adaptive trends on the organic environ¬ 
ment b shown in a diagrammatic manner in the relation between 
carnivores and herbivores; but more subtle dependence will exist 
wherever two types are brought into ecological competition or 
interrelation. 

In addition, the organic environment of an individual inrlndrt 
the rest of the species. Thb b a tnnsm so obvious as often (o be 
forgotten; but since so much ofsclecdon depends on intraspcdBc 
conipctidon, it b of great importance. When all ancestral horses 
could run only moderately fiist, an additional premium would 
be placed on a little extra turn of speed; when the ancestral seal 
had first taken to the water, a better streamlining and a more 
efficient flipper would give their possessors a definite advantage 
over their fellows. When the biomechanical limit of speciali¬ 
zation has been reached, such advances will no longer be possible, 
and selecdon can only act either by keeping the species up to 
the limit or by encouraging adaptive changes in other characters, 
such as inrelligcncc or reproductive cflidcncy. (See pp. 478 scq.). 

Thus panly in relation to other species, partly in competition 
with otheis of their own specks, a constant selection-pressure 
will be exerted, causing adaptive trends, once begun, to be 
specialized towards a limiL 

That adaptive radiation is essentially a product of selection, 
not the outcome of any intrinsic tendency, and is relative to 
environmental conditions, b further shown by the fact that 
when stocks are removed from competition or find themselves 
in special environments, they may show renewed adaptive 
radiation, although this has virtually ceased, at least docs not 
take place, elsewhere. This is well exemplified by the gtmtnarids 
iit Lake Baikal (KorotnefT, 1905-12), by the fish in certain 
African lakes (p. 324). and on a larger scale by such examples 
as the Australian radiation of the marsupials just mentioned. 
Similarly the enormous plasticity of e,g. pigeons under artificial 
selection b proof that their previous stability was the effect of 
selection-pressure, not of any reduction in intrinsic variability. 


EVOt.UTIfmA KV TItRNiJS 


497 


The snnic is Utjiionstfikied by tlic dcvclapnieiit of flight loss or 
giant birds mi oceanic idands, where selection will act in a 
new' way- (See also p» 129,) 

Tluoretically, it may be possible to distiiiguisli die problem 
of the en^/n of adaptive trends from diat of their mmutmaiirt', 
once originated, at least in certain cases. For instance, the full 
evolution of all the adaptations ,^ss(X'i3Icd with the h.ibit 
Harfish o| lying on one side on the bottom, presents no particuLir 
difficulties ill the way of a selectionist interpretation, while tlie 
first evolutionary step towards asymmetry is much harder to 
envisage. Even here, however, we find half-way stages. The 
primitive genus Ps^ttodcs, ftir instance, has die originally lower 
eye near the dorsal edge of die body, not on the secondarily 
upper surface as in all other pleiironcctids. When we further 
consider that various fish have tlic habit of occasionally lying 
on one side on die bottom, die problem docs not appear quite 
so serious as at first sight. Thus tlic suggcsdoii put forward by 
Goldschmidt that diis trend and others sudi as the asymmetry 
of ga.stropod molluscs were initialed by abrupt mutations, though 
afterward maintained and perfected by selection, becomes 
improbable and rcdtnulam (pp. 456, S.saJ- 

3. Tllli APrAHENT ORTllOCENrSlS OF ADAl'nVE TltEHDS 

The only feature inviting orthogcncdc explanation is die direc¬ 
tive character of evolutionary trends, their apparent persistence 
towards a predetermined goal.* But on rcflccdon this too is 
seen to be not only explicable but expected on a selcctioiVisr 
viewpoint. Over tfircc-quartcrs of a century ago, Bates ([S 52 ) 
pointed out dits fact. He wrote, with reference to mimicry, 
"Tlic operation of selecting agents, gradually and steadily bring¬ 
ing about the dcceprive resemblance of a spcdcs to some other 
definite object, produces the impiession of there being some 

* iJi hii bcK 4 (1931:^) give* utiuveraiJi iiitcfctfinp; CKampln 

af cjciKb which h? pucs duwu ca onho^'iiesu, Mi»y of tfiec, however, m 
covered by die coruidcntkifl idvaivcd in thb urctiofi, white mben would 
to fniU ui-icki the hcjd of loiiscriocJitul cvolmicin (j 6 ). The wcakh o 4 ' curnplci 
which he diR h worthy of detailed study £iom die seJ«tionis£ viewpoint. 
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innate principlu in spccis Wiiich causes an adivsnee of organi¬ 
zation in a special direction." And be latec makes it clear that 
be would apply the same reasoning to all other adaptive trends 
(see also Poulton, 193who quotes Bates). 

One difficulty that is often overlooked by believers in ortho¬ 
genesis is the curious difference between related groups in regard 
to the number of separate divergent trends to which they give 
Thus the horses are often considered as constiTtiting but 
a single trend, though as we have seen there arc Dumeious minor 
divergendes, and the cjctent of these has been stressed by Stjrcon’s 
recent detailed studies (1940) as against Matthew's classical 
work (1926). 

evolution of this group can no longer be represented by 
a pine-tree with one main stem and insignificant side branches" 
(H, E, Wood, 19+1). But Wood goes on to point out, even 
so, its development is exteemely simple when compared with 
that of the closely-related group of the rhinoceroses. These show 
a considerable number of highly divergent trends, including that 
leading to the gigantic baluchithetes, and another to the semi- 
aquatic amynodonts. Sometimes one and the same sub-group 
shows a single-track trend in one geographical area, but complex 
polyphyletic divergence in another. There is a considerable 
am ount of parallel evolution as well as divergence, 

This is an extreme in the opposite direction from the horses. 
Most groups of comparable taxonomic rank show an inter¬ 
mediate degree of divergence. 

it is impossible on orthogeneric principles to explain why 
we group should contain m poise the tendency to show marked 
divergent radiation and mother comparable group should not, 
why one should form Dvicc or four times as many orthogienetic 
trends as another, {See also Crt’pis, pp. 372 scq.). 

To revert to the decermination of single trends, it is clear 
that, once a trend has begun, much greater chan^ will be 
necessary to switch the stock over to some other mode of life 
than to improve the arrangements for the existing mode of life. 
T. H. Morgan (1925. P- 148) has put this point very clcarlv. 
it has been pointed out that the power to reproduce itself puts 
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the pfobtem of tlw construction of a living organism on a 
•liScrent footing from the construction of a complex machine 
out of inorganic (non-living) matierial. This question is so 
important for the theory of evolution tliat its signJBcuicc most 
be further indicatccl^ 

*‘whenever a vatiadon in a new direcdon becomes estab¬ 
lished, the chance of further advance in the same direction is 
increased. An increase in the number of individuals possessing 
a pardcular charaacr has an infiuence on the future course of 
evolution—^noc because the new type is more likely to mutate 
again in the same tUrccdon, but b^usc a mutadon in the same 
direction has a better chance of producing a further advance 
since ail individuals are now on a higher level than before.” 
(Morgan m^ht have added that for the same reason mutations 
in other directions will have a worse chance than before.) “When, 
for example, elephants had trunks less than a foot long, tEe 
chance of getting trunks mote than one foot long would be in 
proportion to the length of the trunks already present and to 
the number of individuals in which such a character might 
appear. In oilier words, evolution once begun in a given direction 
is in a favourable position to go on in the same direction rather 
than in another, so long as the advance does not overstep the 
limit where further change is advantageous,” 

In the same way, too sudden an ^vanec, eVen if mutations 
for it were all available at one time, would often be non- 
advantageous or even disadvantageous. We can sec this from 
analogies with human constructions. In the evolution of the 
motor-car, the substitution of four for one or two cylinders 
was a great improvement: it had “survival-value". However, 
not until the majority of cars came to be four-cylbdcred was 
the additional advantage of still more cylinders of sufficient 
appeal to give the six- or cight-cyltndered engine any consider¬ 
able advantage in die market. Again, we can readily see that the 
sudden “development*' of full modcni armour-plate on the 
earliest ironclads would have been actually disadvantageous, since 
it would have reduced their speed relatively to less bcavdy pro¬ 
tected sitips, without con forcing any corresponding benefit in 
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Uuf way of defence against the comparativdy mcflfidcDt pro¬ 
jectiles of the day. Only when the tatige and piercing power 
of the projectiles increased did increase of artnour become 
advmt^ous. 

Similarly a sudden large increase in size and power of a car¬ 
nivore without corrrapffliding advance in its prey might be 
disastrous to the species, since it might kiU out or markedly 
reduce its ow)i food-supply. Again, a marked improvement in 
one character might be non-ad van tageous in the absence of 
corresponding improvements in correlated characters. 

This point, however, is only of thcorerical mcertst for organic 
evolution, for the simple reason that the supply of mutations is 
so slow, and the mutations which can be used appear to be of 
such small extent, that really sudden and unadjusted advance is 
impossible. Most adaptive specialization therefore cat mot help 
being gradual. 

We may sum up tbe position as follows. Since selection can 
only build with the materials provided by mutation; since 
mutation is a slow process, and since the material it provides, 
to be usefij] for selection, must be in the nature of small bricks, 
it follows that the chances are overwhelmingly in favour of the 
small changes needed to confer advantage in preserving the 
existing trend, tuniing up (and therefore being acted upon) 
before the larger changes needed to confer advantage in another 
mode of life have had any likelihood of occurring. A specialized 
line thus fmds itself at Ae bottom of a groove cut for it by 
selection; and the further a trend towards specialization has 
proceeded, the deeper will be die biological groove in whicli it 
has thus entrenched itself. Thus specialization, in so far as it is a 
product of natural selection, automatically protects itself against 
the likelihood of any diange save further change in the same 
diiecdon. 

Plate (ipi3, p. jii), who reaches very similar conclustons, 
proposes the term ontiosekaivn for selection promoting the con¬ 
tinuance of an adaptive trend. !t is surprising that this useful 
term has not come into more general use. That this apparent 
orthogenesis is determined functionally and not by some inner 
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clockwork of the gcrm-plasni which pccdctcrmincs a progressive 
change in structure, is excellently shown by the evolution of the 
elephants (see summary in Lull, igi?, p. 5S8). These began 
their career by an elongation of the muzzle, involving the enlarge¬ 
ment of both jaws and both upper and lower incisor tusb* 
Before the beginning of the pliocene, chb process had reached 
what appears to have been a mechanical limit. !n the later 
evolution of the stock, the jaws were shortened, the trunk 
elongated* and the lower tusks abolished. The eftcctivc reach of 
the animal for its food was continuously increased: but the 
structural basis for this functional change was wholly alteredi 
the elongation of the trunk being substituted for that of the 
jaw. It is impossible to stretch the principle of internal ortho¬ 
genesis to cover a process of this type. 

Another reversal of trend is that shown by the baboons (see 
c.g. Gregory* 1936), in which a secondary lengthening of the 
face into a muzzle has occumed subsequently to an ongiiia] 
trend In the opposite direction, as exemplified by most Old 
World monkeys. This differs from the case of the elephants in 
that here the trend itself appears to have been revened, while 
in the elephants the functional trend continues, and only the 
means for realizing it are altered. 

While on the subject, we may deal with a cognate point, 
DoUo's so-called law of the irrcvcreibility of evolurioru This is 
an empirical fact of paleontology, but would appear to be merely 
the result of probability and what we may call biological con¬ 
venience. That it involves no intrinsic necessity is shown by the 
experimental tindings of g]cnetid$c$ on polydactyly in guinea- 
pigs. The tame guinea-pig* like other members of the gimus 
Cavia, normally possesses but four digits (ii-v) on the front 
feset and three (ii-iv) on the hindL By selccdve breeding from 
the individuals possessing one or both hind little toes (digit v)* 
which appear sporadically in certain domestic strains, a stock 
can. be produced whicli always possesses this digit (sec Pictet, 
1933; Wright, I934i'). The basis for the character seems to be 
an alteration in the digital embryonic Beld, permitting it to be 
divided lino inorc digital units chan in the normal type (p. 550). 


502 


EVOLUTION: THE MODEItN SYNTHESIS 


The little toes thus expcrimentall) resurrected appear perfectly 
nonnah so that man has been able to build up a stock which 
was in fiiU possession of a hind little toe that the wild species 
and indeed the whole genus had defiriitcly lost many millions 
of years ago. Thus nature no more abhors reverse evolution than 
she abhors a vacuum.* 

Muller (1939), in a carefully reasoned review of the sulyect, 
comes to the same general conclusions. He points out that not 
only will the old characters resurrected by reversed evolution 
never rest on a genetically identical basis, but that with complex 
characters they will inevitably cease to be phenotypically identical 
or even closely similar. See also Needham’s interesting discussion 

(1938). 

The matter is complicated by the fact chat the muscle and 
tendon supply is to a considerable extent independent of the 
bon« and dermal structures (J. P. Scott, 1938), so that normal, 
looking digits may be abnormal funcrionally. In some 
^^*^*^* appear to be quite normal. This illust^tcs 

the difficulty of restoring (or indepetidcntly evolving) a character 
depending on many distinct major factoirs^ 

Gregory (1936) also maintains the correctness of DoUo s Law. 
First he points out that DoUo himself asserted that die “Law” 
applied only when an organ is wholly lost, Thus cases of per¬ 
fect y dc^te “reversal of evolurion" which happen only to 
apply to changes m proportion are excluded by a quite arbitrary 
definmon. Then Gregory maintains that structures which are 
regained are never entirely identical with the corresponding ones 
that were ortginaUy lost. Thus it has been shown that h, the 
o^ional threc-roed horses diat occur toJay, the extra digits 
do not have the same coincidence with the carpal bones as do 
the side tTCs m the fet of the extinct Hipparion\ Sometimes be 
goes further. Thus, though mastiffs and St, Bernards may show 
the big toe which is lacking in wild Canidae, “it would be 
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dUEcuIt to prove that this so-called big toe is truly homologous 
with the true first digit of primirive mammals”. Here ihe words 
tftdy and hoHfohgms appear to beg sevccal questions, to which 
it h probably impossible to give an answer. If it is maintained 
that a regained organ is never absolutely identical with that 
which was lost, this is probably true in the great majority of 
instances. However, not only do some of the cases of extra toes 
in guinea-pigs seem to contradict this (though even here, certain 
characters such as coat-colour, etc., ate almost certain to have 
altered since the organ was first lost, thus tendering it at its 
reappearance not tmpktcly identical), but wherever a "norenar* 
character has been markedly altered (as in fowls’ combs) or totally 
suppressed (as in the horns of cattle) by a dominant mutation, it 
is obviously possible, provided certain genetic precautions are 
observed, to re-obrain the identical normal character from the 
hetcroaygous fomt after an indefinite number of generations, 

Regan (1924) has given an example, not bawd on experi¬ 
mental proof, of reversed evoludon in fish. This concerns the 
re-acquisition by the Loricariidae of dcnticle-Hke structures on 
the scales. Another case is the return of bter amphibians to the 
scries of simple neuromast pits in place of the roofed-b groove 
consdtutbg the lateral line of higher fish m early amphibia. 
The pic stage is ontogenetically and phylogcnetically primitive. 
This care may be accounted for by a quite simple dteradon in 
the dme-rebdons of development. 

E>ollo's Law should thus b the first place be restated b more 
general form, and m the second place it should be regarded as 
a mere rule and not erected bto a prbdple. It is mie that the 
more complex an organ is, and the more completely Jt is lost, 
the less likely it is to be regabed b identical form, but this 
depends on no absolute “principle of itreversibibey”—only on 
the high degree of improbability of reversal b all of many 
factors concerned. 

Many trends which at first sight appear useless may turn 
out on anal)^ to have fiuicdonal significance. For instance, 
Malcolm Smith (i93^) commenB on the trend m aganiid lizards 
towards reduction of the structures of the mid^ ear. The 
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functional reason hctc may be the risk of damage to these 
delicate structotes by kving prey struggling in the mouth, a$ 
in the parallel trend seen in snakes, but Smith is inclined to a 
purely oithogenetic explanation. 

The same principles seem to apply in general to smaU-sealc 
adaptations as to long-tangc adaptive trends, except that since 
such adaptations frequently concern only one pardcular fiinc- 
don and not the organism's main way of life, it should be easier 
for evolutionary direction to be changed, and for adapution to 
set off on a new tack. In the matter of coloration in birds, for 
instance, there is a balance between the advantages to be derived 
from concealment and those to be derived from conspicuousness. 
The former will be bighei for de^cekss species and in open 
environments, the latter will be higher in males when there is 
polygamy (stimulative value of display characters) or when 
there is much rivalry between males as in territorial species 
(threat characters), and in both sexes in gregarious species (recog¬ 
nition markings), A slight change in habitat preference or repro¬ 
ductive behaviour will speedily tilt the balance in one direction 
or the other (see Huxley, 1923^, 1938(1.1938^; and p. 426). 


4 , NON-ADAPTIVE TRENDS d%ND ORTUOCENESIS 

Besides the usual trends constituting the radiation of a group, 
most of which, as we have seen, appear clearly to be towards 
adaptive speciahzation, there are others for which no adaptive 
sig n i fican ce has as yet been found. The most striking are, natur¬ 
ally, those for which wc have direct fossil evidence, Wacson 
(1926) enumerates a number of trends observed in the extinct 
group of amphibia known as Labyrinthodonts. These include 
the flattening and broadening of the head and forepart of the 
body; the shortening of the skull, resulting in the hypoglossal 
nerve pasting out posteriorly to the craniimt instead of through 
the basiocdpital; the gradual downward extension of the fore¬ 
part of the cranial cavity; the progressive diminution in ossifi¬ 
cation of the cranium, and the final disappearance of certain 
bones; the development of an otic process in tlie pterygoid: etc. 
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These trendlj occur in a paraltf 1 way m a number of quite separate 
lines, and almost synchronously. They proceed on their course 
in spite of radical changes in the animals' biology, such as that 
from aquatic to tcrrcstnal and back to secondarily aquatic life. 
And Watson states categorically that he can sec no adaptive 
significance in any of diem. 

Certain trends have been assumed to be orthogenciically 
determined since their cnd-pioducts appear to be more or less 
pathological. Nopesa has termed such evolutionary 

simulations of diseased conditions arriiostia. In certain eases, as 
with die pachyostosis and osteosclerosis wliich <axurs in various 
juarinc vertebrates, and which simulates certain acconipaiiinieiits 
of leukaemia, this seems to be a temporary means of securing 
better respiratory adaptation to an aquatic life (Nopesa, 
during the period vhen other more satisfactory but more 
elaborate adaptations are being evolved. We thus tend to find it 
in the early suges of secondary aquatic trends (the pernuan Afen> 
saitnis, die triassic nodiosaur Padiypleura, the lower cretaceous 
laccrdlian Eitlatoseunts, the lower cictaoeous ophidian Pathy&phiSi 
die eocene cetacean Zm^lodon)', only Ln the vcgctablc^fccding 
Sirenia is it a permanent feature, but even so it has been much 
reduced in the later hUiury of the group. In one case oidy, tlie 
pliocene sirenian Felfi}ii}tfarium, does it seem to have become sn 
excessive as to contribute to extinction. Thus, since it docs not 
represent an irreversible trend which hccunics accentuated until 
it ends disastrously, there is no need to postulate an orthogcnctic 
determination for it. 

Aquatic vertebrates show another anhostic condidon of bone, 
namely a retardation of ossification, exclusively or mainly of 
caitdagc twnc. Nopesa (ipjo) cites Stcgoccphalb, modem 
Amphibia, Chclonia, Ichthyosauiia, and (to a slight extent) 
Plesiosauria as showing this tendency. He further points out that 
it is very similar to the rctardadoii of ossification produced by 
hypothyroidism, He suggests that in some as yet unknown way, 
aquatic life damps down thyroid activity t if this view is correct, 
then the arrhostia is a consequential cfica of aquatic life, and need 
not be regarded as the result of a special orthogenede trend. 
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Nopcsa (19^3) points out that in certain oiscs of very 
lai^ si^c in vertebrates^ airhosdc conditions simuladng symptoms 
of hyperpituitarism (acromegaly) may arise. It would, however, 
appear probable that this again is a purely consequential effect 
of the Urge suK, which itself depends largely or mainly on in¬ 
creased pituitary functions. If, as appears likely, the Uigp size 
l®flf of certain dinosaurs), duniig the favourable climatic 
conditions when it was evolved, was itself of advantage, ortho¬ 
genesis need not be postulated, and the condition is closely 
parallel with that produced in the St Bernard breed of dogs by 
artificial selection (p, 71). This interpretation is strengthened by 
the facts concerning the role of the pituitary in the evolution 
of die giant birds of the family Aepyomichldac as determined on 
oidocranial casts (Editjgcr, i94t>). Here the size of the pituitary 
relative to that of the fombrain increases over fourfold as absolute 
size is Increased from Mallmmis to the gigantic Aepyontis 
ituiximis. Finally H. E. Wood (ip+i) and Goldlschmidt (1940) 
draw attention to the fact that numerous vertebrates—fonns of 
rhinocerocids (amynodonts), cave-bears, a number of fishes, etc. 

have developed a facies very stmilar to that of aehondroplasia, 
notably the bull-dog type of face. Here the implications are 
not so dear as with acroinegaUc airhosda, but at least there is no 
more necessity of adopting orthogenesis as an cxplanadoti than 
ill any of the other cases cited. Arrhostia seems thtis to be a 
Consequential rather than an ordiogciietic phcnoiiienoii (pp, 54j 
seq.). Sec also Siockard (tpjS) on pituitary** characters. 

A succinct account of other noteworthy examples, iii some 
of which die non-adaptive nature of the change seems clearer, 
is given by Haldane (1932*1, p. 23) and may be quoted here: 

^ Further observation of these marine races showing slow eon- 
liniMm evolution displayed an extraordinary group o? phenomena 
which are not obviously explicable on any theory of evolution what¬ 
ever. Characters ap^r to go on developing past their point of 
maximum utility. Thus ilte coiling of the Gryphaca shells flamclli- 
branch moUuKs] svent on until it must have been very difficiJt for 
twm to open at all. and impossible to open widely. This state of 
affairs occurred several times, and always ponended the extinedon 
ol the race. The same thing sometimes happened in land anittials. 
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Tbui ill the Titaiiotherii [large oligueciie hoofed rnamnulsj gigantic 
iizc and fiom development were tie prelude to radnedon in a num¬ 
ber of separate lines of descent. One is left with the impression tiut 
the evolutionary process somehow acquired a motiicntiini which 
took it past tile point at which it would have ffased on a basis of 
utility, 

“But sometimes anotlier process occurred, which has been par- 
daibrJy studied in the Ammoiutcs. These animdSp which m a general 
way resembled cutdefish, made spiral shells with many chambers, 
but only Jived the lost of them, the others bdiig pmuinably filled 
with water or gas. The inner chambers were made by ilie young 
the latter by the adults. So we can contrast die slnrlUinaking 
activity of the same ammai at differenc agK. We then find that the 
earlier chambers often resemble those produced by the adults of aiices- 
inl forms some millions of years earlier. The pheuomenon can l>c 
cs^dally well studied in die suture lines between difleraii chambers. 
The cormpondcncc is nor exact; and often new features appear in 
stages wJudi were not present in any ano^tors. + 

Tills 15 quite araiogons to die phenomcnou of partiaL recapitulation 
seen in me early development of such foniis os man. An early human 
embryo has rudmicntary gUhslits and a tail Later on ic develops a 
thick eoat of hair which is shed before birth. Of course the gill’^its 
and^tail arc unlike those of any adult ajiininilp and it has special organs 
such as the umbilical cord which are not and never wen: found in 
adults. But many of its features recapitulate those of its adult ancestors. 

All this can be explained on Darwinian lines. The left a new 
adult character iiiterJcres with normal development the niore likely 
ic is to be a success. Whcn+ however, it has been fixed in die adult 
stage the complicated developmental pfix:icss may well be slowly 
medified so that the advantages of the new cliaracter appear ^earlier 
and earlier in the life-cycle and its appearance is Jess aiicf less abrupt. 
This process is, however, likely to be very slow. 

So far so good, but in the biter stage of Ammonite history a niifclr 
more surprising phenomenon occmrcd, A number ofdiltcrcnt lineages 
began CO alter in the opposite direction. Features appeared which had 
not been seen for a hundred miUion years, but which strongly re- 
sembled those of the eatliest known AmmcMiitcs, Tlic suture-line 
Ix’camc simplified^ atid the shell uncoiled. SometiiTics the primitive 
features seem to have been present right through the animars life- 
histor)% In otlH:t lines of descent {e.g. Baculitn) the shell was ac fir^i 
coded, but m the fully adult animal it was straightened ovit. This 
reversioh to primitive ty^ was always the prelude to exiTnctioii. 
It happened on a larw scale in the late Trias^ when most of tlie grest 
Ammonite groups died out, Tlien there wa^ a bTilliaht tenaissaiit'e 
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during the Liassir period, one of the oJder groups giving rise to many 
new types. But an epoch of archaism set in once mote in the 

period the tast Ammoniie died. 
The dosing stages of Ammonite evolution were marked, not only 
by i^ogression, but by the appearance of new shell types, with 'hairpin 
bends as in HantUes, or an asymmetrical snaiJ-Jike spire as in 7iMTiYdr/ej. 
These bizarre forms, however, were odytempoiarily successful. AJ^r 
4 ^ miJlion years of life the Ammonites wcanie exdnct. 

"The account here given is that due to Hyatt and Wurtembciger, 
and IS, 1 think, accepted by most paleontologists. However, Span’s 
(1924) views on Ammonite lineages, which are easier to leconcik 
With Darwinism, command much support. ] am not competent to 
judge between tliem, but wish to state the anti-Darwiniaii posinDn 
as fairly as possible.” 

Among other eitamplcs often adduced by paleontologists as 
useless or cvcntualiy harmfUl trends are those towards spininess 
and ovcr-oniamentation in trilobitcs, and towards excessive 
development of the arm-skeleton tn brachiopods. 

The second case which Haldane mentions, that of the dtano- 
thercs, can be more simply accounted for on Darwinian lines 
534 ). Indeed Haldane himself (op. dt.. p. i+t) beer argues 
that the development of appaicntSy unfavourable characters as 
a prelude to the extinction of a stock can in many cases (notably 
unwieldy size and exaggeratedly large horns), be pot down to 
the biologically evil cfTeccs of intnispccific selection {p. 484). 

On the other hand, no selcoionist interpretation of the over- 
coi ng of the Cryphdca lines, or of die secondary simplification 
of ammonites, or of other bizarre preludes to extinction in other 
groups, has as yet been given. A caveat should here be entered? 
No hvmg ammonites are known. The complication of suture 
lines of die earlier anmiouites and their simplification in later 
forms have at least a simple mechanistic basis in terms of rate- 
genes (p. jjo). About their functional meaning we know next 
to notlting, so that it is dangerous to maintain that dicy were 
m no sense adaptive. This is the view to which Bather (1920) 
evciit^Uy came, after wide paleontological experience. It may 
even be that wc are bctrayitig our ignorance by not being able 
to perceive tiie direct iunctioiiaJ utility of the latcsi strangely 
bent and partially involved types of shell Tliis. however, is 
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unlikely, anil with the GryphtKn still less likely. An adilicinnal 
cotnpUcatioti Is introduced by the fact that, as briefly noted by 
khildanc. Gryphaea is not a true genus, but merely a name for 
the final stage in the coiling of an ostreid shell, and diat this 
stage has been reached by several lines, starting dieir evolution 
at diffcreni rimes (Arkell. 1933; p. 409). The fact diat on 
several iKTcasions certain oysters remained flat while others prit- 
ceeded to show tJiis tendenty toi over-coiling wliich was even¬ 
tually to lead to their extinction, is difficult to account for on 
any hypothesis so far put forward, orthogcnctic or otherwise. 

It is. of course, possible that these trends, in themselves useless, 
ate correLted with adaptive trends in o ther characters (pp. 6j, 206). 
However, we must provisionally face an explanation in terms 
of orthogenesis—i.c. of evolution peedetettnined to proceed 
witliin certain narrow limits, irrespective of selective disadvan¬ 
tage except wliere this leads to total extinction. It should be 
noted that, even if die existenee of orthogenesis in this cause be 
confirmed, it appears to be a rare and exceptional phenomenon, 
and that we have no inkling of any mechanism by which it ituy 
be brought about. It is a dcscripdon, not an explanation. Indeed 
its existence runs counter to fundamental selectionist principles 
(p. 123). 

Of course, if mntation-raic were high enough to overbalance 
counter'^lcctioti, it would provide an orthogcnctic mechanism 
of a kind. However, as Fisher and others have shown, mutation- 
rates of this intensity do not exbt, or at least must be very rare. 
Secondly, even if tlwy did exist, they would not by themselves 
provide an explanation of the teal problem at issue, which is the 
etmtiuuaace of apparently orthogcnctic trends. For this, we 
should have to postulate not merely a lugh mntation-ratc, but a re¬ 
striction of the direction of mutation, so that new mutations with 
high frequency would always be arising to produce further effects 
of the same type. And of this there is no evidence whatever.* 

* Tbe^ work of JoUqi cliuntog ttiit ipducvd niittationf itnd 10 occur 

in a serin of rucevsttve nepi witii progitisivcJy gmier apprared to 

indkaic a Fmxhiiiixin of thb gcMral type for niutatioiv of low fin^uency. Later 
reseaKbet, bowevn (e.g. Plough and Ivc*, ipjaJ. have cntiicly failed to confinn 
the caaatrnoe of such "diiectional*’ or "pto^etrive" mmation. 
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Orthogenesis of dm sort, playing the myoc part in guiding 
evolutionary change, with selection in a purely limiting and 
subsidiary role, may be called dominant or primary. WhQc 
dominant orthogenesis, if it exists at all, is rare and exceptional, 
what we may call subsidiary or secondary orthogenesis is com¬ 
mon enough. Under die head of subsidiary orthogcncsb I include 
phenomena which in the first place are of an orthogcncric nature 
in chat they limit the freedom of variadoii and therefore of 
evolutionary change, and in the second place arc subsidiary in 
that they merely provide limits within which natural selection 
still plays the main guiding and shaping role, 

The first phenomenon of subsidt^ orthogenesis with which 
we must dej is parallel variation (pp. pp, 2l l, 395,431). Tliis is a 
comprehensive term which includes several disrinct processes. 
In the first place there is homologous mutadon^fae alteration 
of homologous gents in the same kind of way. In the second 
place there is parallel character-change—a omilar phenotypic 
effect,' produce^ however, by mutations in different genes. 
Parallel charactct-chsoigc may further be either (ti) homologous 
or (b) purely superficial. When homologous, the same type of 
dcvelopinenul process is usually affected in the same kind of 
way: when superficial, the phenotypic effect is similar, but is 
produced by different developmental processes. This important 
distinction between the difierent modes of parallel variation has 
not always been clearly envisaged. (We mist also remember 
that tiuly homologous mutations may sometimes exert quite 
different phenotypic effects in different species.) 

We will take examples of the different categories. In certain 
species of Drosophila, such as D. rnr/itniij^dsrcr and D. n'niH/ufts, the 
possibihty of obtaining offspruig from interspecific crosses has 
enabled geneticists to prove that certain parallel variations, e.g. 
white eye and one yellow body variant, are due to truly homo¬ 
logous mutation—t.c. the same type of mutation has occurred 
in corresponding loci, or in other words in descendants of die 
same ancestral gaie (see Morgan, Bridges, and Sturtevajit, 1925). 
Tlic proof consists in the offspring of two similar mutants show¬ 
ing the same mutant character, and ncSt presenting a reversion 
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to wild type, as would occur if the genes were not homologous. 
In ocher cases* rhough this complete proof cannot be givea 
owing CO sccrilicy^ the locaticti of the genes m corresponding 
scx:tioii 5 of apparently homologous cltromosomcs is strong pre- 
sumption of true hoiiiologoiis mutation. The blood-group genes in 
man and apes are possibly another example. Interspecific grafting 
(Stabbe and Vogt, 1940^) may also demonstxace geiic^-homology. 

In other cases the evidence is less cogent. Haldane (1927^), 
for instance, has collected the data on the coloiir murattotis of 
domestic and wild rodents and has shown that much parailel 
variation has occuircd in the various spedes and genera. To 
deduce, however, as he is inclined to do, chat these are all due 
to true homologous mutation, though in several eases probable, 
is not logically justified; similar phenotypic effects are often 
produced by mutatiom hi nonJiomologous genes. There arc, for 
instance, several non-homologous mutations for pink eyes and 
two for yellow body-colour in (Morgan, Bridges* and 

Sturtevant, 1925), and several for red cyc“Colour in G(WiuifUno 
cheureuxi (Sexton and Clark, i9j6b). In rabbits^ three separate n:tutant 
genes may produce the ""rex” coat-character (found also in odier 
rodents): Castle and Nachtdicim (1933), Thtis parallel variation 
may be due to non-homologous tnutatious producing parallel 
character-change. 

Another similar line of approach is peovided by the data tm 
mutation-frcquency in the labotatoryi and on tlte proportion 
of wild-caught individuals carrying mutant g?enes in a licccro- 
zygous cotidirion. From these it has been established that various 
mutational effects recur regularly in all organisms which have 
been thoroughly investigated (see p. 396). Here again the effccw 
may sometimes be due to homologous mutadon, somcdines 
merely to homologous character-effect. In either ease, ihcprcsuinp^ 
tiorv is strong that a number of camc$ponding mutational cflccis 
will recur independently in various related species of a group* 

It is important to note that when iion-houiologous mutations 
aJfect the same developnicntal process in the same kind of way 
in different species^ the resultant character-change may legiti¬ 
mately be called homologous* even rhough neither the final 
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diancccrj nor the steps of the <levtlopmeiital process by which 
it is gsmerated, arc precisely identical. In such cases the nature 
of the developmental process ptovides a certain limitation or 
canalization of die types of variation possible- Thus if melanin 
pigment is present, a reduction in the intensity of its production, 
however brought aboutp will result in dilution: a certain type 
of chemica] alteration of the process will result in brown or 
yellow instead of black, and so on. When* as in manyrodentSp 
the agouti pattern is normally presenti with a yellow section on 
a black hair, the chief modifications postible (apart from the 
dilution of black or its alteration to brown, and the to^l inhi- 
bitiort of all pigmentation) appear to be (i) either the extension 
of yellow to cover the whole hair or its reduction to leave the 
hair wholly blackp or (ii) the presence or absence of a larger or 
smaller area of yellowish-white on the belly^ 

In a similar way, the process of wing-development in Dra$o- 
phiU is such that numerous non-homologous mutations can 
produce greater or lesser notching or truncation at the tipi and 
various others can reduce the width of wing (see list of genes 
in Morgan^ Bridges, and Sturtevant, 1925). In general, the simi¬ 
larity of homologous charactcT-changcs Isduc to thek influendng 
an identical developmental process in a similar way. Truncate 
wings provide an interesting special ease. Here Altcnburg and 
Muller (1920) showed tha[ the chief gene for truncation in 
some t^hion “sensitized'' certain developmental processes in 
such a way that many cjuite independent mutations shortened 
wing-length much more in the piescnce of this gene than in 
its absence. Similar cases are now known for odicr processes 
in Dwsi^pkila and for other organisms, and will become frequent 
as work m physiological genetics progresses- hi one sense, this 
is a case of parallel variation, in another, of consequential evolu¬ 
tion (§§6,7).* 

Superficial parallel character-change is known specially for 

* Tbc fact that the procenn of <icvriopineiic rntrkt the po994bilit3t? of varia- 
lion hu 1 Eirthct cCHoequrntiai cA^ci. iti the hrqtirtii tjcattntt of whai Gol^ 

schmidt (e g. ro*n, pflWJ'm) his thit jfc pLw:UO- 

typiraUy iiidblinfiULMubk froiii iimutkitiLJ clfccii, Thii phenomenon hi m ram 
mxy iFrovidc the bnii for promsej of oT^nk selertion (ji-p, jCLf, 5?4), 
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itiimctic iiiscjcts. Here M^lcction-^prc^urc has been daininant, and 
ba 5 moulded dissimilar processes to give similar effects. A good 
CMmplc is PdpiVio It^-cior asid its mimic die minufiis form of 
P- polytcs^ in which the red pigmems arc dicttiically distiuct, the 
one ruming yellow, the other purplish on application oi add 
(Ford, 1937). An even better ease is that of a skipper butterfly^ 
Abofitis /ei/ftjij wlilch mimics Picrincs (whites): the white pig^^ 
ment of the shipper is a flavoiie, while that of the whites is a 
pterin (un publish^ information fioni Mr. E. B. Ford). 

A curious n on-mimetic ease is that of Saryms mfhi\ in wludi 
two areas of apparendy similar white arc due to wholly difJerent 
pigments, in one a pterin derived from metabolic breakdown, 
in the odier a flavonc derived by building up from a product of 
the food-plant* 

Parallel variadon may dius affect homologous genes and 
homologous processes: or non-homologous genes but iioino- 
logons processes; or genes and processes both of wllich are 
non-homologoLLS. The first two types, since they arc often 
indistinguishable in praccicCp may conveniently be . lumped 
together under the head of parallel muEarion. 

Finally, we mi^t remember that owing to the aitembility of 
gcncH^xprcssiou by the residual gene<omp1cx (pp. 87), 
even truly homologous mutations need not produce similar 
phenotypic effects. 

These facts have interestiiig cvoludonary bearings. In the first 
place, the exhtcridc of true homologous mutation shows us that 
the classical post-Darwinian concept of homology cannot be 
applied to species. That contxpc equated correspondence in plan 
of orginization with common descent. This conclusion really 
involves two steps, one a gcneralizatioii of observation, tlie other 
a historical deduction* The arm of a man, the wbig of a bird, 
and the ffipper of a whale can be shown to be built on a common 
plan: and it is deduced that the reason they arc all built on a 
conimon plan is because their three pt^^ssors arc all descended 
from a eoiiimou ancestor (see pp. J91 scq.}. 

This explanation of the fact of homology by commun ancestry 
undoubte^y holds good for complex structures for whow: 
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cvoiadon a very large tiumbcr of steps were required. No 
biologist would vcntiiie to suggest that the pcntadactylc limbs 
of vertebrates or the mDuth-parti of insects coidd have been 
separately evolved in more than one stock. But the fact of homo¬ 
logous mutation shows that it need not hold for characters 
involvicg only one or a few mutatioas. Both Dr^i&phif 4 melm 0 ~ 
poster and D, siiftalarjr have red eyes, but both have produced 
white-eyed mutants. The white-eyed types arc clearly homo¬ 
logous in that they arc due to corresponding alteratic^ in corre¬ 
sponding parts of the heresditary constitution : but they cannot 
be traced bach to a common white-eyed ancestral species. The 
same is true of coinnionly recurritig aberrations within a wild 
genus or spodcs—c,g. white-flowered bluebells or gentians, 
which may even establish themselves as small local groups in 
nature. There is no ancestral white variety from which aU the 
white-flowered specimens arc descended. 

More to our present purpose is the bearing of recurrent and 
parallel variations on the phenomena of convergence and paraUel 
evolution^ In this ease both homologous mutation and homo¬ 
logous character-<hange will clearly lx rclevaiiL 

We have mentioned (p. 488) the findmg of plcontologists, 
that in fossil lineages with abundant documentation, numerous 
separate lines appear to pursue the sanic gicncral trend, although 
the rate of change of separate characters may difler: e.g. in the 
horses^ some lines, aldiougli often spcaficaUy or even generically 
distinct, will lag behind the mean for the period as regards 
complication and sutc of molarSi while showing advance beyond 
the mean for reduction of digits i others will show the convene; 
and still others wiU be at the .mean for botii characters. The 
same is true of the sea-urchin Mkra^er (p. 32}. 

This can readily be explained if we assume that mutations 
with similar effects am likely to turn up in related lines. Umust 
be observed, however, that Mkction^prcssuie is also necessary. 
Actually, it will be the dominant factor, since it alone pr^ciibes 
the general direction of specialixation. 

The fact, noted above (p. 5 ^)^ ^hat the coiled Gryphaea type 
of sheU was independently evolved in oysters at several diflerent 
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dmcs and places may pcrhiips imply that it was of selective value 
under certain temporary and Ifxia] conditions (c.g. of greater 
s^mentation). However, its apparent ftnal barnifulncss to the 
lineages in which it occurs appears to rule out any simple sc!cc- 
tionist iutcrprctadyii. As with so paleontological riddles* 

we nmy never learn the ansv/cr.* 

According to Osborn (1936) and Ic Cros Clark (193+}, 
parallel evolution lias played a considerable part in the geo¬ 
logical history of the Ptoboscklca and the Primates respectively; 
and Brough (1936) gives intciesting examples from bony fish. 
Parallel evolution in the titanothetes, and its probable explana¬ 
tion, is discussed on p, 534. Parallel evolution appears to have 
^cii place in several separated lineages of Jurassic hexacorals, 
in each ease tending to greater coinpactncss of the corallitcs 
{W. D. Lang, 193S). 

M mimetic resemblances, especially in synaposcmatic 

rings” of related spedcs all sharing the Mullerian advantages 
of a common warning pattern, but also in some Batesian cases, 
will doubtless prove to depend latgely on parallel mutations. 
On the other hand, many mimetic- ccscmbUnccs arc demon¬ 
strably due to completely non-honiologous chaiacter-changics 
Carp^tcr and Ford, 1933, p. 3i)„ so that selection must be 
the essential agency in tlicir production. 

The sarhc reasoning applies to the interesting ease cited by 
le Gros Clark (1934, pp. 81-83) *>f the evolution of teeth in 
Prii^tcs. The two sub-families of fossil Lemuroidca, the Noth- 
arctinac and the Adapinac, both show th.c evolution of a quadri- 
mbcrciilar from a trituberciilar type of molar tooth. But whereas 
in the Adapinac this condition is brought about in the normal 
way by the development of a true hypotonc as a wholly new 
cusp from the cingtJum* in the Notliarctin;tc a pseudo-hypocojic 
is formed by the fission of the onginal protc'Cone into two cusps. 


of the fca turei dwractirriiiiig the evolution of the Gryphdea iroiii the 
jtrru type IS a pr^tc 33 ivc tnenease in absolute Sv-'innetton (1940} studinl 
^ tvolvtioa of a liMgr whkh nih^ mon thin donlplcd its litii^^ncEisioiis 
of the Low« Liastk- He csdniaun tint thu change proceeded it 
af ^ cncrtiM qf t per ccni in jiic in nbout [,000 .mKraJicKia (cf- p, 61 n, 
rate o we ution ui Tinii tfir ttiay be CDti»4|Minuul (p. ^3 j). 
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The fact that the trend towards the qiiadritubcrcnlar condition 
cannot be due to parallcJ mutation consdtotes additional evidence 
in favour of a selectionist intcrpretatiQii, 

In groups showing polymorphism, the same variant types 
may recur over and over again in difiirrent species. A classical 
case is the existence of apparently identical variant phases in 
handing and ground-colour in the snails Ce;>ni'n iiotfcmis and C. 
tteiHOtdUi (p. 99). Recently Rtibtzov (t<)35) shown that com¬ 
plex eolour-paItems recur as lusnnal variants not oidv in related 
species but related genera of grasshoppers. Tlius ol six colour- 
phases, all recur in five species of Chorthippits, and four or five 
hi six others, while two to five also recur in various species of 
seven other genera. Within genera, parallel evolution may often 
occur, sometimes to the confiisifjn of the systciiiarist who attempts 
a phylogenetic classification. Thus in the Australian bird genus 
AcimtkLiti (Mayr and Serventy, 193S) a brighter-coloured rump, 
a marked pattern on the head, streaking on the breast, and 
lengthening of the tail liavc all occurred more than once. In the 
butterfly genus Colias, Mr. E. B, Ford informs me, numerous 
species have yellow males and dimorphic females, yellow or 
white (cf. p. 98). Ill some cases this is due to a special genetic 
mcchauisui (p. 99). In others, selection acting ou very similar 
germ plasms with very similar capacities for mutation may 
priiducf siicb a result; this would in general apply to the numer¬ 
ous parallel regularities afforded by tlie “Geographical Rules 
of systematists (see p. 211), though licrc non-homologous 
variation doubtless plays a brger role. 

In general, it may be said that the fact of parallel mutation 
makes parallel evolution and certain types of cotwcrgcncc likely 
to occur, but only m smcIi eases where parallel nuitation is supple¬ 
mented by parallel selection, or by special genetic mechanisms. 


5. THE aESTRtenON OE VAKlATlON 

Then we have restrictions on the amount of variation possible, 
There is, for cxan'.ple, a great contrast between the uniformity 
of snipe or most ducks as against the tendency of many species 
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of passerine binis to break up into geographical subspecies^ ot 
the constancy of such planes as bracken (Ptendiim aquiiinHm) 
or Dryas as against die great variability of field pansy 

{Viola tri^ol&F^ seasti laio), or chidtweed (5fe//4iri4 sensu 

lata)^ It may bc^ of course^ diat tlie rpstri edon of actual variability 
here depends on quite odier causes than a restriction of the 
potentiality of variation. Much work must be done on die 
subject before we can do more than guess. 

In any case we must beware of arguing char the inabihty of 
specialized forms to produce new types must be due to an 
inherent lack of genetic variability. This assertion is often made, 
but cannot be uphcldL We have already seen (p^ joo) that the 
failure lies in the difficulty for selecdon of udlizmg any varia¬ 
tions except those tending towards fuither spedilizatioii in the 
same direcdon. When the biomechankal limit has been reached, 
the type is stuck and can do notWng but either niainiain itsdf 
or else become exdnct. However* as we have seen (pp. 324 seq.), 
such Hmits are rekdve to the cnviromuental situation: if this is 
radically altered, evoludonary radiation may again set in^ showing 
that the previous standsdU was not due to !a^ of genedc vari- 
ahilicy. The astonishing range of types produced by tmn in 
domcsricaicd animals, even those like pigeons whose origin is 
free from the suspicion of hybridkation, conclusively demon:- 
strates the same fact. From another angle, the reserve of genetic 
variabiUtyp much of it waiting to be elicited by selection is 
demonstrably enormous in most wild species (It A* Fisher* 
193CW, p. 96). 

More to the point, are the examples of restricted types of 
variation found in namie. Many groups appear to vary readily 
in certain dircctionSp with difficulty in others. 

The rarity of greens in adult butterflies (and, to a lesser extent, 
moths) is a case in point. In most odier imcct groups* gram is a 
common colour; and in view of its selective value as protective 
(cryptic) coloration against a background of vegetation, this is 
what one would ' expect. Indeed numerous larval Lepidoptera 
show a grrai coloration which is obviously cryptic. The rarity 
of green in the adults is all the more remarkable* 
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Then among woodpeckers, teds, blacks, and whites are fre¬ 
quent, and yellows, greens, and browns may occur, but blues 
appear to be unknown. Gulls, on the other hand, show almost 
exclusively a combination of white with grey-blue or black: 
reds, yellows, and greens are never found in their plumage 
fthough they occur frequently in their beaks or legs). Penguins, 
again, show no red in their plumage, drough some have yellow. 
This is of interest, since Levick (ipr4) found that red possessed 
some special stimulating quality for the Atklie Penguin. This 
species is much addicted to the theft of the stones which consti¬ 
tute its nest-material. Levick painted stones of difieient colours, 
and found chat the ted ones travelled by theft across the colony 
much faster than those of any other colour. One may presume 
that red plumage would have an advantage in sexual selection; 
but the bird's plumage has reniaiacd black and white. 

Here again we must beware of aig^iing chat because certain 
characters are normally not found, therefore they cannot be 
produced, The pierincs or white butterflies provide a good 
example to the contrary. As everyone knows, the prevailing 
colour of these is white, often with black or greenish markings, 
and sometimes with yellow or orange. In the Old World they 
arc practically Testricted to this range of colour, and to certain 
types of pattern. In South America, however, a number of 
pierincs have become mimetic: and these, to copy their rnodcls, 
have developed a number of new colours and patterns not else¬ 
where found in the group, Even in these, however, there is 
some restriction, for ah the pig;ments employed arc pterins, 
belonging to the katabohe type of substances produced from the 
breakdown products of metabolism: no flavones, for instance, 
occur in pierincs,'save in one aberrant New World group (lord, 
Ip40&). Thus the g;roup appears to be subject to a restriction as 
to the chcnucal nature of its p^menu, chough in respect of its 
patterns and to a certain extent of its actual colontion it must 
be regarded as conservative rather than as compuhocily limited. 

Again, at first sight it might be supposed that the lower 
mammah groups except Primates) were genetically restricted 
as regards pigmentation, since they are confined to black, white. 
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grey, brown, msset, and yellow^ w^hile in Primates scarlecs, 
pinks, blues, and greens arc also found. This, however, would 
appear to be a ease of consequential evolution (see p. 525), the 
greater range of colours among Primates being a coiiseq^uetice 
of their acquisition (alone among mammalian groups^ apparently) 
of colour-vision. A relevant fact is that, as [ am ill formed by 
Dr. S- Zuckerman, the red of buttocks and occastonally of face 
in Primates is due^ as in our own Bps, to blood showing through 
their skin. This device for producing visible red would have 
been available to mernben of other mammalian groups* but 
would have been useless in the absence of colour-vision. 

There art some cases, however, in which certain variations 
appear to be impOf^ible or at bat very difficult to produce. In 
spite of intaisive and long-continued efforts, breeders have 
failed to give the world blue roses or black tulips. A bluish- 
purple in the rose and a deep bronze in the tulip are the limits 
reached: true blue and jet black have proved impossible. 

We refer later to the small amount of new variation to be 
found in the introduced Fnglisb sparrow {Passer domesiicus) in 
the U.S.A. This was recattly confirmed by Lack (19+w). No 
rnarked local races have been established, and the variance of 
individual populations has been scarcely or not at all increased. 
This rather surprising failure to vary may possibly be due to 
lack of rime (p, 521). 

Restriction of vartabUity may also be due to quite other causes, 
namely to a lack of what is called modificadonal plasticity—the 
capacity to react by modi6carion to differences in the environ¬ 
ment (see p. 441). Various botamsts (e.g. Turrill, 1936: and see 
Marsden-Joncs and Turrill, have shown that different 

spedes of plants differ enormously in this respect, some, which 
we may call stenoplastic, remaining extremely constant under a 
wide range of environmental conditions, others, the cuiyplasttc 
t)'pes, reacting by marked changes in size, habit, proportions, 
ere. p, 444). We have less information on tlic subject in mimah. 

This phenomenon is of great interest ccolo^caUy and in 
relation to minor systematic^. We do not, however, know 
whether it is correlated with any diffircnce in actual or potential 
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gwietic variability, and this alone will have long-range evolu¬ 
tionary cfTecG. 

ThJi brings us to an allieel problem, that of the great varia¬ 
bility of certain spcrics as opposed to the relative invariability 
of others. We have already touched on this in cotmeetion with 
the subject of polymorphism {p. 516). 

Homcll (1917), after detailed study of the lainclbbranch 
Merfirix ill Indian seas, concludes that the three species involved 
difpT markedly in their type of variability, merctrix and M. 
attemata are very variable in colour, but “remarkably stable” in 
adult shape and size, whereas M, casta is highly variable both 
geographically and locally in these last respects. 

Restriction of variation is sometimes only apparent. Thus the 
snails of the genus Cepaea^ such as C, Iwrtertsis and C. tiemofatis 
(see p. 202), appear at first right to be far more variable in their 
ground-colour and banding pattern chan the common garden 
snail Helix aspma. However, as Mr. Diver has pointed out to 
me, die shell of the garden snail is heavily suffused with a general 
brown pigment, which masks any underlying variadon. Actually, 
it would seem that variation in these concealed patterns is just 
as great as in the readily visible patterns of Cepaea, 

Similarly, there are two North American species of the lantelli- 
branch Donax, of which one {D. i'owWjj) is supcrfidally very 
uniform, while the other (D. vari^His) owes its name to the 
striking variation which it exhibits (Anon., 1941], Examination 
of the illustradon, however, seems to show that the appaieiic 
restriction of variability in D, gt>uldii is due to a giencral diminu¬ 
tion in the intensity of pigmentation, which renders the various 
patterns much fainter, 

Bateson (191J, pp, 24 scq.) gives a number of other examples. 
In some eases, however, if he had gone further into the subject, 
the facts would not seem so curious. For instance, he cites die 
case of two closely related Bridsh noctuid modts of die genus 
Diantboetia, both common and wide-ranging: D. capsincala 
shows litdc variation, while D. {arpophaga “exliibits a complex 
scries of varieties”. Idc further mentions that the common 
"Silver Y", Ptuiia ganitna, sliows little variaduti in die mark 


EVOLUTtONARV TRliNDS 


iZl 

from wliicl): it takes its iiatiiL', wlulr liiL' currcsiHuuluig iiiaik in 
P. !mt'froi>alhnis is so variablf titac no two spociii’inis arc alike. 
However, in the latter c^sc, he omits to nuritioit tliat tii ground 
colour rhe two forms both show cnnsiderable variation, showitig 
dut P. /tamma is not stable as a spedes- 

With Diantboctiat he lias neglected the ecology of the two 
species. Although he states diat they are similar ui tlwir habits, 
this is not true in one Important respect, for Mr, E. J 1 Fonl 
tells me diat while die adults of D. eapsincota rest in concealed 
situations at the base of herbage, tliosc of D, earp(iplu[\ia, pres 
dominandy a coastal species, tend to rest on exposed soil and 
rock. Their coloration is thus subject to sciectioii for protective 
reasons, and the variadon to which Bateson refers is mainly 4 
regional one, forms from diifercnr localities being adapted to 
the prevalent colour of the local background. For instanec on 
the south coast of Britain, whitish forms are found in the clialk 
areas, but beyond these, to die west, brownish types predominate. 

These examples will serve to diow the complexity of the 
problem, and the danger of hasty conclusions. None the less, 
some of Bateson’s cases seem to satisfy all recjuircnients. In 
Britain, for instance, the pheasant stock (it we disregard rc- 
combinatioiial variation due to crossing) is less variable than die 
red grouse, in spite of the fact diat die former lias been intro¬ 
duced into alien surroundings, [n the United States, the introduced 
house sparrow appears to be much less variable geographically 
than many mdigenous species {p. 519; J. C. Phillips, 191 How¬ 
ever, the lapse of time may not have been sufficient to elicit 
gcograpliical dil&rentiatiou (see p. 194), for this appears to 
depend on selecdoii as well as on inherent variability. In ajiy 
case the species shows plenty of geographical variation in the 
Old World. 

At die moment we can give no explanation, whether in terms 
of intrinsic nature or external selection-pressure, to account fur 
die restriction of variability in some sjxxies as against others of 
die same genus, although we may say with some assurance that 
some species seem to show a greater readiness to vary genetically 
dian do others, and further that a givai type may produce 
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cexpin kinds of iiiutinond cficct$ more frcqocudy, others witli 
great raricy or perhaps never. On the other hand, theoretical 
considcoitions show that evolutionary cliangc will still occur^ in 
spite of wide differences in general mutation-rate, provided that 
selection b operative. Tlius it will be rare that lack of evolu¬ 
tionary change cm be due to lack of taw materials iu the shape 
of mutations^ 

So much for the possibility of a restriction of the raw material 
of variation, through the differential frequency of niutarion in 
various directions. Another restriction, of much nioa- frequent 
occurrence, b that of the utilizability of variation, through a 
diffctcniial effect upon the scicedve value of mutations in different 
directions. The former depends upon inltercm properties of die 
germinal material; the latter upon the past hbeory of tlic species, 
as embodied in its present organization, and upon its environ¬ 
ment. We have given examples of the relativity of evolutionary 
change CO environmental conditions (p. 4Jo), As an example of 
past hbtory linriting the advantageous directions of cliange, we 
have already considered the effect of past sj.xcial[zario]i in 
favouring further change iii die same dkcccioii and inlnbiting 
in other direcdons. The principle is, however^ of wider 
application. Once a given structural plan has been evolved, it 
will be much simpler (I use a shorthand mode of expression) 
to alter its parts quantitadvely or to adapt it to new functions 
than to evolve new organs. For this reason, the great majority 
of evolutionary changes of structure consist in diangcs of pro¬ 
portion only, one part or organ being cnlarg^, another reduced* 
To take a striking example, the adult echinodcmis have never 
succeeded in escaping fully from their radial symmetry. Asyni- 
metrical aud bilateral fortiw have been evolved, but never full 
bilaterahty with development of a head. Numerous other 
examples of structures altering their function during evolution 
and of die past dictating the limits for the future (see p. 500), 
will readily occur to the mind. An iuteresting minor one is die 
fact that in groups with sporadic hearing, die cvoluugin of this 
capacity in conjunction with diat offmiaionai sound-prodtictinn 
may be followed by die evolution of a second Jistiiiet nn diinl 
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uf sound-production. This lus occurred in scvcrd loiigicorn 
beetles; And in one tv^o subsidiary methods liavc 

been evolved (sec the Cambridge Natural History for details). 
Nuincroas other examples of specialization in one type of sense- 
organ being followed ill evolution by a scries of all.icsthetie 
aetjuisiciohs designed to stitnulatc that pardcular sense-organ, 
will occur to all biologists. Such restrictioiis, however, should 
striedy not be called orthogciictic. They arc railicr to be con¬ 
sidered as eases of orthosclectivc evolution (p. 500), but conse¬ 
quential in the long range or historical sense (p. 545). 

The fact remains diat evolutionary cliangc is not conipletcLy 
at random. In the first place it is restricted environmentally. In 
saying this we are only reafiirniing ebe flindanictital Darwiniaij 
postulate of selection, for selection is always relative to the 
environment, both inocganic and biolc^ical. Tins leladvity, how¬ 
ever, is so basic that it is often neglected: its iiuportancc is thrust 
upon our notice only when a cliniaric revolution takes place, 
or, mote fiequentiy, when there is some alteration in the bio¬ 
logical environment, as with the colontzation of new areas 
where the balance of competitOTS or enemies is different. 

It is, however, also restricted on account of pecuharides in the 
evolving organisms. Such internal restriction operates in two 
wavs, ordiogcnctically and historically. Both types of rcstrictioii 
may 'play either a dominant or a subsidiary role in cvoludoii. 
The historical restrictions depend on the previous evolutionary 
history of the stock and its effects on the machinery of selection. 
Dominant historical restrictioiis arise from what we may call 
the groove effect (p. joo), which Plate (ernicd orthoselection: 
once adaptive specialization has begun in one direttioti it must 
become progressively harder, on Ae basis of the known facts 
of nmtatton, for selection to switch the trend onto another 
direction. The result is an apparent ofthogcncsb. Subsidiary (or 
consequential) historical restrictions simply make it easier for 
selection to act in certain ways than in others, while leaving the 
adaptive direction to be guided by selection. 

A special case of subsidiary historical restriction is provided 
by the Baldwin and Lloyd-Morgan principle of Organic Sclcc- 
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rioQ, according to which an organism may in the first instance 
become adapted to an crological niche merely by behaviour 
(whether gmctic or ptncly habitual) and any consequent non- 
heritable modifications* after which mutations for the kind of 
stnictural change suitable to the particular mode of life will 
have a better chance of being sdcctcd. Where the modifications 
arc extensive, the process of their icpbccmencs by mutatiens 
may closely simiilato laiiiarckisni (pp. 1 14,2^. 504), Theptincipic 
is an unportant one whidi would appear to have been unduly 
neglected by recent evolutionists- 

Tme orthogenetic restricrion depends on a restrictioA of die 
type and quanttty of genetic variation. When dominant it pre¬ 
scribes the direction of evolution: when subsidiary it merely 
limits its possibilities. 

Dominant historical restriction is common, dominant orcho- 
genetic restriction very tare* if indeed it exists at all. Subsidiary 
historical restriction is common. It may he important in barring 
certain major hues of advance, but allows considerable freedom 
in the direction of adaptive specialization. Subsidiar)' orthogenetie 
restriction is probably frequent* but vve are not yet able to be 
sure in most cases whether a limitation of variation as actually 
found in a group is due to a limitation in the supply of mutations 
or to selection, or to other causes. It is^ however, eertatrt that 
some mutationa] effects recur regularly in some alhed species* 
and probable that this phenomenon is vvidespread. This last 
face may contribute to parallel evolution—a type of direc¬ 
tional change in which ordiogenetic and selectionist agencies 
ate combined. 

To sum up* the only important agency restricting die direction 
of cvolutiotury change is the historicii one, leading to a purely 
apparent orthogenesis. The subsidiary^ restrictions are truly suhr 
sidiary, in that the supply of variation remains sufTicknt to 
allow a degree of freedom in the direction of change which 
is always considerable and in certain cases at least appears 
to be, for all practical purposes of adaptive spectaliiiation* 
unlimited. 
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6 . CON5IQUENT1A1, EVOtUTTON: THE CONSEQUENCES OF 
U[FFEB£NTUL DEVELOPMENT 

Under this Jiesd we may discuss types of trend which are 
initiated or niamtained with special readiness as a coiisctjuence 
of [he way in which genes operate to produce their eSect during 
development. 

Let us be^ with an example neatly worked out by Haldane 
P- 124 : see also Castle, 1932), which demonstrates how 
the results of selection at one period of the lifc-cyele may have 
repercussions on other periods and ailcct the species and its 
evolution in unexpected ways. The phenomenon with which he 
deals is that of intra-uterine selecdon in niammah which are 
polytocous, i.e. bring forth a number of young at one birth. 
Here there must be an intense pre-natal selection, since a con¬ 
siderable percentage of every litter dies in.utcro. Rapidity of 
growth especially must be at a premium, since space and nutrition 
are limited, and any advantage gained by an embryo establishing 
itself early is likely to be of permanent advantage throughout 
the cridc^ stages. 

Haldane suggests with some plausibiliry that any rapidity of 
pre-natal growth thus acijuired is likely to ^ transferred in whole 
or in part to post-natal life as well, and that intra-utcrinc selection 
may thus help to account for the progressive Increase in size seen 
in so many mammahan lines during their evolution.* 

At any rate, the converse seems to hold good, namely that on 

* TTih aunot be tbe only iictnr le^jonubk for such trends lauunh cvolu- 
nomry iikcicw in bulk. FioT one ihing, xbc-morciic (up do a cemiu limit) 
must often be duncctiy advaiiDigeotu in il 3 own fight; mid for anothtr^ the 
pheno-rTK^n ocam in other rypa, ludi » tcpole^, in whkh no phw of 
mtnr-mctiqc cxiflcnee k pi^cd throij^. It mJ^hD IntcrcKing Da the 

TOUT of evoliktioiwy szc-increue m monptocoui and polytpcous pbmtd types; 
but wc cotdd never be swt zD what pmod a type which at proent ii mauo- 
tocam hid ocued to have litDtfi of kvtoI yoiuig. Hildine hiimelf in a later 
work p. isj) poinls out that a dmilir tnend towaidi inemed sbie win 

operate in polyganioiu fpew in vrbkh the males £gk for the females. In chr 
hm Qse^ iiuieist^ual xlectioQ will Cipcntc to increase tk w of the males; 
and then aome of thu inexcase m size will tethd aufomattcdly id be triiufcrred 
to the femaks (c£ WinterbottDm, and 1931)* » tlut the nze of berth lexe* 
will letid to be piAhcd bcyoiid the opdmiun, or what would be the opdmnnt 
for Dlh^r reasons. 
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account of intra-uterine selection it would be impossible for a 
polytocous tnammal to slow down its rate of development- One 
of the most characteristic features of man, and one by which his 
capacity of learning is utilized to the fullest estent, is precisely 
such a slowing down of general rate of development. Without 
it he could not in all probability have become fully human or 
biologically domhiant. Judged by the law (which applies to most 
other ntananuh so far investigated) Svhich regulates the amount 
of food consumed before tlic adult phase is reached, man's 
immaturity has been lengthened some sevenfold. This could not 
have occurred in a polytocous form. It was only after man's 
ancestors ceased to have litters and began to bring forth a single 
young at a birth that the further evolution of man became 
possible. 

Further, this general slowing down had numerous corollaries. 
The typi^ adult human condidon of hair on the head but 
almost complete absence, of hair on the body is passed through 
as a temporary condition at about the time of birth by the anthtt^ 
poid ape. The hymen of the human female has been stated to 
represent the persistence of what in lower mammals is an 
embryonic stage in the development of the urino-genital s^ratem. 
Most striking of all, the general form of the human face and 
skull, with its absence of snout and of bony ridges on the cranium, 
is quite similar to that of the foetal or newborn ape, bur quite 
dissimilar to that of the adult (sce.p. JS51 afld Bolk, ipzd) * 

The general slowing down of man's post-natal development 
is doubdess due in part to its possessing selective advantage. But, 
as Haldane points out, it may also be in part the indirect carry¬ 
over from a sloyring of pre-naca] dcvelopmctit. In the dreum- 
stanccs of anthropoid apes and of primidve sub-man a fodus is 
on the whole better nourished and less exposed to danger than 
a newborn mfant, so that pre-natal slowing, with consequent 
prolongadon of the iiitra-utcrinc phase, is here advanugeous in 

* The iLowing B marked in andiromld apes^ but tt£c ki txmms asiu 

man. SpeoK and Ycrkei (1^37) stow that Mcrcas the percentage rate of in- 
owc inbulk iq donicfticniamEiiali axidrakna vama from 400 I JOQ per cent 
per annum during the juvenik pctiocf, in the dufflpanaee k ii ai-17 per cent, 
and in man about 10 per ctnr- 
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|K)SyC0cous tiianiinaU. (The non-black eye- and liair-colonts 
(except red hair) of certain human ethnic groups appear alio to 
^ due to a stowiiig of the processes concenicd with melaruA- 
deposition: McConaill and Rdphs, i9J7-) 

This prolongation of a more protected early phase may also 
apply to die larval period, for instance in insects with their 
cocnogenecic larvae, which are often highly adapted to their 
secondary mode of life. One need only think of the mayfly witli 
its imaglnal phase reduced both in srroentre and in duration. 

Sometimes this reduction is carried to its logical extreme, and 
the adult phase is wiped out of the lifc*-history by neoteny. This 
has demonstrably occurred in various beetles, and in die axolod. 
It has probably taken place in ourselves as well: there is every 
reason to suppose that our adult ancestors possessed heavy brow 
ridges and protruding jaws, and that our smooth foreheads and 
orthognathous faces repicsent primarily the prolongation into 
maturity of a foetal and neo-natal pliase that we share with 
the apes, 

Haldane in an interesting paper (ipjaA) discusses tliesc and 
similar phenomena from the standpoint of the time of action of 
the genes controlling them. A more comprehensive view, how¬ 
ever, such'as that adopted by de Beer (19403), would include as 
still more important the genes' Tttte of accicn. 

As A. R. Moore (1910, tpia) first suggested, and as Gold¬ 
schmidt (summarized 1927), Ford and Huxley (summarized 
19^9), and others have conclusively shown, a large number 
(possibly the majoriry) of genes exert their effects through die 
intermediation of a process operating at a definite rate. They may 
be the direct cause of the process, or they may influence the 
rate of a process originated in some other way: in cither case 
mutations in the genes concerned will alter the rate of some 
process of development. 

The speeds of processes which such rate-factors control arc 
not absolute, but relative—relative to die speed of other processes 
of development and of development in general. Furdicr, it is 
found that a decrease in the race of a visible process is in general 
accompanied by a dchiy in the rime of its initial onset, and vice 
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versa. may be merely a chrcshold effect, but clearly has 
important biological consequeaces, since it will afiect the Juratim 
of any other characters which can onjy manifest chcmselves 
before the process visibly manifests itself 

Furthermore, such proa^ses do not necessarily continue 
indefinitely. Often they reach an equilibrium; when this is so 
the final level of the equilibriuin al^ appears to be corxelaced 
with the rate of the process. This, is so, for instance, with cyc^ 
colour in Gamtmrus (Ford and Huxley, 1929) and probably in 
man. The physiological basis of this fact is obscure, but once 
more it may involve interesting biological consequences. In 
ad iition to such rate-genes, others are known wliich appear only 
to aiFect die dnie of onset of a process and not its rate. 

Attempts have been made by representatives of the Morgan 
school (see e.g. Schultz, 1935) to minimize the importance of 
these discoveries, by asserting that they constitute only a 
re-dcscripdon of old phenomena and add nothing truly new. 
On the contrary, I would maiuiain that the concept of rate-gen® 
is as important for biology as is the concept of genic balance or 
the gene-complex^ I need not go into its bearings upon physio*^ 
logical genetics—the problem of how the genes become ttLxsJated 
into charaaers—save to say that it ha$ in dds field already proved 
itself an indispensable tool. Here we arc concerned with its 
evolutionary iinpHcations (sec also the excellent discussion ui 
Goldschmidt, 1940, pp. jii seq.). 

In the first place, since ratc-gcncs arc common, it is a legitimate 
provisionaj assumption that the rates of developmental processes 
in general arc genc-controllcd. Further, the simplification intro¬ 
duced into an analysis of dcvclopnieni by the concept of relative 
rates of processes—exemplified by work such as Goldschmidt s 
on inrersexuaiity and odier problems (summarized 1927), 
Huxley's (i93i) on the proportion of parts in animals. Ford and 
Huxley's ratc-gcncs, and Siimotc's (1935; Sinnott and 

Dunn, p- J 40 rate-genes in determining 

fruit-shape in planis—makcs it desirable to try this key first of 
all when attacking any developmental problem. 

Next, as Swinnerton (1932) has stressed, a prc^grcssivc nnifi- 
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doiial change in the speed of processes ooutrolled by rate-genes 
affords a complete formal explanation of many paleontological 
data, e.g, in various moUuscan shells. 

It further affords an explanation certainly of most and prob¬ 
ably of all cases of so-caU^ reversal of dominance. The classical 
example is that recorded by A. Lang (1908) in crosses betwoeti 
red- and yellow-shelled snails. The Fa when young showed a 
ratio of 3 yellow ; i red, whettas in the older individuals the 
ratio was 3 red : ! yellow. The explanation is that all those 
individuals with either one or two “red” genes eventually 
become red, but die rate at which this occurs is reduced when 
the gene is present in single dose. For ocher examples sec p. aiS, 
Goldschmidt (1927): Huxley and Ford (ipifl)- 

It abd helps us to understand the presence, the penisicnoe, and 
die variability of vestigial organs. 1 may here cite a previous 
discussion of the subject (Huxley, 1932, p. 235) : 

“As regards vesdgiai organs, the arm-chair critic often demands 
of the cvolutioniit how the last stages in their reduction could 
occur through selection, and why. if reduction has gone as far 
as it has, it could not go on to total disappearance. In the light 
of our knowledge of relative growth, wc may retort that we 
would exp^t the organ to be formed of normal or only slightly 
reduced relative sire at its first origin, but then to be rendered 
vestigial in the adult by being endowed with negative hetcrogony 
[allometry: see Huxley and Teissier, If rate^nes are as 

common as dicy appear to be, then what we have called the' 
line of biological least resistance would be to produce adult 
vestigiality of an organ by reducing its growth-coefficient. So 
long as it is reduced to the retjuisite degree of insigxuficance at 
birth (or at whatever period a larger bulk would be deleterious), 
there is no need for reduction of its growth-rate to be pressed 
further. But the negative hetcrogony with which it is endowed 
will continue to operate, and it wiU therefore continue to grow 

* Nccdhiin ai>d Ltniei: {1941^ have now proposed the term /k-frr^atrjCHiV to 
allorrietry in cjso of tmc rcLjitivc growth, reserving the bcn:r tem 
for cotiip^rison of relative prupoittflm in dilf«rtnt types. Ic wiU probably be 
ro use for thii bttcT t»c, keeping ifloinctry u z gcncjil ind usdtiiivc 

term (Needham^ Huxley and Letnetj 1941). 
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rcbtivciy singer with bctease of absolute size. This last fact 
may account for the apparendy useless degree of reduction seen 
in some vestigial organs, c.g. that of the whalers hind-limb* The 
degree of reducuon may be iiscle^ considered in relation to the 
adult, bat the relative size in the adult may be merely a secondary 
result of the degree of negative hctcrogony needed to get the 
oTgaix our of the way, so to speak, before birth. In addition 
threshold mechanisms will possibly be at work^ so that the organ, 
after progressive reduction^ eventually disappears entirely. 

"In such casis quite small differences in growth-ratio, if the 
range of absolute size over which they operate is considerable, 
will make quite large differences in ftnal relative size* a fact 
which indubitably wiU help to account for the lugh variability 
of vestigial organs* Even when the organ itself never grows, as 
in the imagmal structures of insects with a metantorphosiSi a 
similar degree of variability may be brought about by relatively 
small variations in the racc-gencs responsible.” 

Consideration of the threshold-effect of any genes acting as 
raEc^controUers for vestigial organs will also show that such 
organs must be unusually variable (op, cin, pp. 236-7). 

The concept of ratc-gcncs indeed provides a great slmpUftcation 
of the faces of recapitulation and anti-recapitulation. Whenever 
the rate of a process is correlated with time of onset and with 
finaJ cquilibriuni-lcve], a mutation causing an increase in rate 
will produce recapitulatory phenomena—it will drive the visible 
onser of the process further back in ontogeny, will add a new 
^^hyperinoqjhic” character at the end of the process, and will 
cause all die steps of the original process to be recapitulated, but 
in an abbreviated form, during the course of the new process. 
This Will account, for instance, for iiiatiy of the recapitulatory 
phenomena seen in the suture^liacs of ammonites (p* 307)* 

Conversely, a mutation causing a decrease in rate will have 
anri-recapimlatory effects—it will prolong the previous phase 
longer in ontogeny, ic will not only slow the process down but 
render ic "hypomorphk” by stopping ic ac a lower level of 
completion^ and it-wiii remove certain previous adult characters 
and push them off the time-map of the life-history^ (see Huxleyv 
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193^* PP- ^39-4^)- Many of the phenomena of so-callcd ^'racial 
senesccnce^^ in ammonites, including the gradual uncoiling of 
the shell* may be due to phenomena of this type fp. 507). 
Swmnerton (1938) has given numcrom examples of processes 
of both types ccvcaled in actual fossil lineages. 

Haldane (1933) has drawn attcficion to a sdU further conse¬ 
quence of these facts, coupled with Fisher's principle of the origin 
ofdominance {p. 75). He begins with a reminder of Goldschmidt's 
gencralizadon that dominant alleles tend to promote not only a 
greater intensity of action^ but one with a greater range both in 
spaccp over the organism's body, and m dme^ during its develop¬ 
ment (This “greater range in time” is a less accurate formuLtion 
of the principle of earlier onset of rate^enes promoting a greater 
speed of process, as found by Ford and Huxley, 19^9.) This, he 
then points out, will mean that even when homostygotc and 
hecerozygote are alike in the final suges there wdll be an early 
period in which the process invotved is more advanced in the 
homozygore. Thus, ^^in so far as developmental abnormality is 
disadvantageous, che Fisher eficct will always be tending to 
increase the activity of the genes”, and so extending their action 
further and further back into ontogeny, "Where die form of 
early stages is doseiy adapdve, as it must be in larvae, diis back¬ 
ward spread of gene-effects concerned with adult characters will 
be checked by natural selection.* But where there is a sheltered 
embryo, its form will have little survival value, and the process 
will tend to continue ujicheckcd^ This would pf omotc pJieiiomena 
of tachygenesis and recapitulation, for many genes would tend 
originally to come into acdon rather latc^ but gradually to 
extend their activity bach into ontogeny* so chat the phylo- 
gcnedcally older characters of the adult would tend to 
manifest themselves earlier in development, and tliis would 
be more prominent in forms with embryos than in chose 
with larvae^ This rcndcncy may explain why recapitulatory 
phenomena appear to be commoner dian and-recapitulatory. 

* Thit»bcltmon h borne tAii by cbe £ict mennoned by Ford dm ir 

if rare in Lcpidopt^i tbr iMutatuMa dtfvd tfis: vifibli: ctkuactcr of l^b the 
larv3 and the imago. 
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Cistlc (1932)1 his data on rabbits, has drawn general 
cvolurionary conclusions similar to Haldane’s. 

As de Beer {1930) has poinied out, when coctiogenedc changes 
occur in the embryo or larva, the adult remaining unchanged, 
neither paleontology nor comparative anatomy would register 
any phylc^encdc advance. But if now neoteny or foetalization 
occurs, die old adult characters may be swept off the map and 
be repbeed by characters of a quite novel type. 

This process, which he colls clandestitK tvotttiion, has been 
opfrativc on a small scale in neotenous beetles and amphibb. 
Gantang (1922) has suggested that it has operated on 0 large 
scale in the ancestry of the vertebrates and of the gastropods. It 
is in any case a principle of far-rcaching importance. 

A clear-cut example comes from the species of the snail Cepaea. 
It seems quite plain that their non-banded varieties arc produced 
not because they contain a gene causing the total absence of 
pigment, but because they contain one which slows down 
pigmcnt-fbrniation and debt’s its visible onset rebtively to 
general growth, to such an extent that growth is completed 
before any pigment can be formed. 

This is a comparadvcly unimportant effect; but when major 
processes arc aSected, such as metamorphosis, sexual maturity, 
or general rate of growth or development, the results may be 
lar-rcaching. Paedogencsis is caused by rebdve acceleration of 
the processes leading to sexual maturity. Neoteny in the axolotl 
and presumably in insects is due to the slowing down of the 
processes leading to metamorphosis. The condition seen in man 
should not strictly be called neoteny, but rather foetal Lzarion or 
perhaps juvemlization; this would seem to be produced by a 
general slowing of deveiopmenraj rate, rebtive both ro time and 
to sexual maturity. 

The existence of rate-factors has a bearing upon die problem 
presented by apparently useless characters. For altcradotis in the 
rate of a process will oiicti automadcally produce a tiiimbcr of 
secondary and apparently irrelevant effects. These will persist 
if they arc harmless, or if any harmful effect is more than counter¬ 
balanced by die favourable cAect of die initial cliange; and once 
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produced they may of course become udliKcd for otlicr purposes. 
Numerous examples of such ^'correlated characters", a$ Darwin 
called them, arc now known (pp. iKli scc|>), 

I will take a simple example from Cam/Murar, The depth of 
colour of the eye depends csscndally upon the rate of deposition 
of melanin in an originally pure red eye. But the visible efftet 
depends also on the size of the eye at a given time—when the 
eye is smaller, the melanin is mere crowded and the e^e looks 
darker (Ford and Huxley, 1929). In point of fact depth of eye- 
colour has been found to be modified, first by genes controlling 
the rate of melanin-formation, secondly by genes controlling 
relative eye-size, and thirdly by genes controlling the rate of 
development of the whole organism. Thus a mutation affecting 
the reUcivc rate of cye-gro'^ will alter the depth of cye- 
pjgmentadon. 

It would seem inevitable that many of the apparently useless 
features used in diagnosing species arc correlated characters of 
this t>'pe. This may well prove to be the case with many of the 
pigmentary and other visible characters of the subspecies of 
Lymdtirriti (p. 216; Goldschmidt, 1934). In cotton species (Goisy- 
piitm) flower-colour, apparently ow'ing to some underlying 
metabolic difference, has corolla-^ize as a correlate {Silow, T941). 

Of course not all useless “correlated characters" need Ik 
dependent simply on altccatiom in the rate of a process. The 
white-eye series of niutants in Dmsap/tiln also cause alterations in 
the shape of the spcrmatheca and die colour of the testis-sheath. 
Ford s analysis (i93®) of Dobzhansky's data has made it probable 
chat while the eye-characters of the series have been selected 
against to make their expression recessive, no selection has been 
operadve on die internal characters (p. 80}, which would then 
'be mere correlates. Even here, however, it is probable iliat the 
different eye-colours of the white series represent the ctoss- 
secdons of a series of ratcncurvcs. 

Important examples of correlated characters are the higher 
mental faculdes of mam It is obvious diat natural selection cannot 
have been operative directly in bringing about the evolution of 
intense musical or mathematical ability, or indeed of many 
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s|xdficaUy fninian faculties. As H, S. Harrison (1936) puts ii^ 
writiiig as an aiiEhropologist, seems dear, indccdi chat what¬ 
ever factors were concerned in the ancient evolution of tlic 
modern type of man, the tipper limits of his powers and aptitudes 
of mind were not dctcrniined by the struggle for cxistencc^^ 
Natural sdection, however, could be and doubtless was operative 
in bringing about the evolution of speech and eonrcptual Uiouglit. 
w'ith dicir corollaries of rational control in the practical sphere 
aiid freedom of association between the different conipartinciits 
of mental powerSp Once, however, this level of menial attiin- 
ment was reached, the so^Ued higher facitkics i in mediately 
became possible. Tliey ate implicit in die general type of brain 
organization required for speech and conceptual thought, and 
are dicrcforc correlated characters in our sense. A somewhat 
similar case from lower organisms ts that of bird song. Un¬ 
doubtedly true song has iinportant functions, notably as territorial 
threat and advertisement (Huxley^ 1938c). But given the complex 
emotional make-up of song-birds^ song k uttered in many circum¬ 
stances where it has other functions or is even functionleis, 
produced ^Tor its own sake*". The sedge-warbler (Acroceptmhis 
schontobaemts) will sing as an expression of anger^ Many birds 
sing as an expression of general well-being; the autunMi recrud¬ 
escence of song in many species would seem to be due to this, 
and to liave no funcrion. The vocal mimicry of many birds 
would seem to be an entirely unselected resultant, wholly com¬ 
parable to hujiian higher faculties, 

A peculiar coitdated character U that of human scapular 
shape, a convex umcr border to the shoulder-blade being corre¬ 
lated with general fitness and high expectation of life, and vice 
versa for a concave one (Graves, 19J2). Hcrc+ htwever, the 
correlation is a comparatively low one. 

The development of correbted characters durltig evolurion 
may sciinulatc orthogcticsis Otic of die most apparently ct>n- 
vlncing bits of evidence for die reality of orthogenesis was the 
discovery of Osboni (19^9) and hb school, diat horns of the 
same type were evolved independently, in the same region of 
the skull, in four separate groups of titauodicres* Sturtcvaiit 
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(1924X however^ sug^ed that chataoers of this sort might be 
correlated diaracterSt and the study of relative growth (Huxley* 
19^^; 1932, p, 218) has provided a simple explanatory for 
this view in this particular case. The homs of titanodiercs are, 
like most homsT allonietric* increasing in relative sue with the 
absolute sue of the arurriaJ, and not appearing at all below a 
certain absolute size. We have only to postulate the potentiality 
of frontal horns in the ancestral ritanotherc stock, for their 
independent actualization in the diflferenc groups to become 
inevitabie so soon as a certaiti threshold of body--sizc is reached. 
Increase of body-size is probably advantageous up to a limit; if so 
the boms arc the useless correlate of a useful character. It would be 
more accurate to say miliatly since presumably once they 

appeared they were ciiiploycd in fighting* (and sec foomoieth 
The interesting analysis of Hersh (1934) has shown that 
evolutionary allometry can be quantitatively studied. Thtis in 
tiianothcccSj the evolutionary development of hom-length 
relative to basilar skuU-Icngth obeys the law of simple allomrtry, 
but with an unusualiy high cquUibrium-constant or partition- 
coefficient about 9-0), He has furdier pointed out that, 
provided no change in growth-mechanism occurs during geo¬ 
logical rime, the equilibrium<onst 3 nt for the relative growth of 
an organ will be the same for the evolution of a stock as for the 
development of a single individual within the stock. 

Bxtrapokrion of his curve indicates that the primitive titan- 
othcres of the Eocene should have horns about o- 5 nun. long —m 
other words, of inappreciable size; and this is actually itic case. 

He also records the Impomnt fact that the equilibrium- 
constants foe the relative growth of certain characters (c.g, 
zygomatic width and free nasal length relative to skull-leugtlij 

* Tlif fjct ihait in, rhiDDCcroKS^ hqmj jippc-^ncd inddpcncipntJy in three icpanEc 
mcif but cjEi qf the hnd, a nut to be explained tzitber qrtho- 

gmcbqiUy or CKO the hasu of umplc allqinvtry ai in utanothem, Aii ailomctric 
factor mii$t pmumjbJy be involved, but also, if wwild appear, a seketive ^cior. 

t Hcnh pqifiti due chac while the honu origmalfy appearvd as comdated 
clwctEta, prouniably m a rauii qf fclcaim for inernsed general biilt, once 
they were escablished and weie of use in hghtin}', sdcaloii for incrcaied hom- 
si2e m^t occur, and would then bring about kirtfeased bidk as a '^LunrUted 
dianctcf "' in its tum. 
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may change ai dc^nite points in gctdogicd rime, mdicadng 
changes (presumably n^utatiniial} in the utidcilying ontogenetic 
growth-mechanism at certain stages in thecvoluEioii of die grotip. 

According to Robb (1935-6) face-length in horses diows the 
same growth-canstniE: for its oiuogcnettc and phylogenetic 
allomctry. $0 chat die phylogenetic change in skull-proportions 
would be entirely consequential on general size-tnereasc. How- 
ever^ Reeve and Murray (l 94 ^) have shown that this is iiieorrecip 
the growth-constant changing during ontogeny from T-5 to 
1*0, while die phylugenedc growth-con?itant Kir die more primi¬ 
tive genera is J,8; thus in modern (hypndoiu) Imrst^s, lengthening 
of the lace has been anticipated in early embryonic 
Robb further maintains that whereas digits ii and iv show 
the same slightly negative phylogenetic allomctry in 3-tocd 
and I-toed forms, there is an abrupt change in the constant (i) 
defining the initial si^e of the primerciia. Hersh's work on titano- 
thcrcs indicates similar abrupt changes in the relative growth- 
constaoc e. as dtics Reeve a]id Murray's on fhe horst^'s fate; while 
Herzberg and Masters {1940) bn rtideiit inasors indicaEcs a 
gradual increase in a during phylogcny^ Thus studies on relative 
growth sometimes Uy bare die genetic mechanisms underlying 
evolution. Similarly, related subspecies may differ citlicr in 
their i or a values for oertam allonictric organs—e.g+ die antennae 
of die amphipod Corephium (Chevais, 1937)- 

Dctailcd studies as to the different rate of change widi time of 
various characters involved in a trend, sucli as time of Sw^nnerton 
(1921) on carboniferous corals, are likely to throw considerable 
light on selection and on consequential evolution. 

Alloinctric growth is also widiout doubt the explanation for 
Lamecre^s and Geoffrey Snudi^s rulei. namely diat a large number 
of organs, all of them apparently allonictric in the iiidividuai, 
tend to be of larger relative si^c in those species or genera of a 
group wkicli arc of greater absolute size. This is most clearly 
shown ill beedcs* but appears also to exist in liortibllb, anteaters, 
and other forms (see Cliampy, 1924; Huxley, 1932, p. 2 iz). 

This principle has obvious Lixoiu^mic bearings. In tbe first 
place, percentage incasurenieitts of tlic propirtionatc size of an 
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organ will have no diagnosdc value unl^ either the organ is 
bometric, or there is not only a fixed adult phase (as in insects 
or higher vertebmtes)» but one with a restricted adult size-range 
(which is not true in many insects, e.g. Lucanidae^ and even 
some manimah, e.g. the red deer (Ceruus elaphus)^ as discussed 
by Huxley pp, 4Z and 205). For some of the taxonomic 

implkadons, see Klaubcr (193&) on relative head-length in 
rattlesnakes, and Swiimerton (194^^) for shell-shape in Osttea- 
Grypkiea lineages (pp. 508, 515 ii,). 

A recent important study of this question has been made by 
Reeve (1940) on the anreaters of the family Myrmccophagidac. 
These include three well-marked genera, CyrJcpcs, T&maftdua^ 
and Myrmecophagat characterized by increasing size and increasing 
relative face-length, measurable by fadal index (see Table). 
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The facial index is the ratio of maxilk length to rest-of-dkuU 
length. Cyclopes has a distinctly short face, whik in die other 
two genera the snout region is very obviously elongated^ excep¬ 
tionally so in MY^mec^phag^J, where the maxilJa is over 11 times 
as long as the rest of the skuLL 

The degree of allometry in the snout was then found for each 
species by comparing skuUs of different absolute sizes, ft will be 
seen &om the table that all chcec genera show positive allomeoy, 
though it is intensified with increase or absolute size * This last 
feature is unusual, hut is one which mtghc be anticipated where 
we are dealing with stages in a trend towards a particular special^ 
ization, 

Reeve shows that most^ but not aU, the differences in facial 

* The difl~eTeace between th£ grawtb-^wHidcni in is 

ady doubtfuUy dgni&cant. 
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proportion and skiiU strticturc between tJic three genera, espedajjy 
between the two smaU ones, arc purely conscqucndil on the 
differences in absolute size; and there is no ground whatever for 
the proposals chat have been niadc by various systemadsts to 
erect a separate sub&niUy or even family for die reception of 
Cythps, on the ground oi its didemit facia! proportions. 

Intrasp^ficaDy, too, the allomctry principle has interestitig 
taxonomic implications. Thus the genus T'anfundtui has been 
divided by recent systematUts into two species, including nine 
subspecies, many of which latter have been erected on the basis 
of differences in percentage snout-length. Reeve in a further 
analysis (t 940 shows diat this procedure is invalid, since many 
such percentage differences are purely consequential on not very 
large differences in absolute size. This entirely bears out the 
warning given by Huxley (1932, p. 204, etc.) as to the preference 
of taxonomists for employing percentage rather than absolute 
Size-differences in^diagnosis. In any case, to erect subspecies on 
a few skulls (sometimes only one) which happen to show sl^ht 
differences in proportion from the type, as has been done by 
c,g. Lomiberg (1937)* is bound to lead to confusion. Doubtless 
geographical subspedation will have occurred in these wide- 
ranging animals; but to csublish the sufaspedes properly, absolute 
measuremems, aUometric constants, and pdage characters must 
be taken into account as well as differences in proportion. 

Allomctry has applications even to cramometrLcal indices. In 
mammals increased dolicocephaly appears to accompany in¬ 
creased absolute skuU-sizc (Kappeis, 192^). In man, this may also 
hold, though the evidence is more definite for increase of relative 
skull-height with absolute size (sec Huxley, 1932, p. 220). 

A fact of considerable interest is that certain organs, notably 
the vertebrate brain, show different degrees of allometry intra- 
and inter-spodfically (see full discussion in dc Beer. 194011). In 
the simple ^ometry formula, brain-weight = b (body-weight)', 
the intraspcdfic value of the equilibrium-constant a lies between 
0*22 and o- 27. This appears to be a consequence of the dcvciop- 
moical facts that neuron-number is approximately constant 
within the species, and that increase of body-volume causes an 
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incre^ of neuron-volume which is somewhat less than propor- 
tiond to the 1/3 power of body-volume, or in other words to 
the linear dimensions of the body, apparently on account of die 
linear increase in axonrlength necessitated by incr ga<ed body^ae. 

A further fact is that the value of the eqtiUibriutrt-constant for 
dilierent-sized individuals is lower in domestic races than in 
wild species (though, of course, the size-range of the domestic 
forms will be much greater). Thus in wild Canidae the value 
is about o- 3 d, in the domestic dog 0*23. This may perhaps be 
correlated with the difFcrcnt type of selection operating in the 
two cases, that for domesde races here being essentially concerned 
with siM, iirespamve of detailed physiological adjustments of 
the brain to a particular size. 

Interspccifically, the eguilibriutn-constant is more dxan twice 
-as high, about c 5 ( 5 - For this to be the case, it is necessary that 
more neurons as well as larger neurons should be present. The 
brain-volume is thus nearly propordoiial to the satj^ of the 
body. This must represent the opdmal relation physiologically. 

Finally, there is the curious &ct that the constant of initial 
proportion b varies &om one group of species to another by 
who](-nmnber multiples of ^2. Dubois has suggested that this 
is due to the cerebral neuroblasts undergoing a diffetent number 
of cell-divisions before finally difTerentiatuig. Whether this 
be true or not. we may be sure that the fact is consequential 
upon some ontogenetic process. 

Lumcr (1940) has successfully applied allomctric analysis to 
the classification of the domestic breeds of dog (Cams familutris}. 
T^ emblcd him in the first pkee to rule out the great majority 
of earlier clissifications as beitig based solely on adult proporriom 
(^centage ratios of various measurementsj. By pJotdng various 
^solute adult mcisuremente of different-sized breeds on a double 
loganthnnc scale, he obtained evolutionary growth-constants, 
as Hetsh did with the titanothetes (p, 535), and he was then 
able to group the various breeds into six "allomctric tribes”, 
each characterized by possessing a particular set of growth- 
coefficients. 

Difiercnt tribes may show the same growcli^oefficients for 
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ccjtain organs. Thus, for example, the lerrier trite (AJsackft, 
setter, pootUe, fox-terrier, etc.), the bulldog tribe, the Great 
Dane tribe (with St. Bernard and Newfoundland) and the 
greyhound tribe (Borzoi, greyhound, whippet, etc.), have the 
following growth-cocfScients (a), rcpresojidng the skull’s growth- 
relations in length and in breadth respectively. 


Sdoui len^/lower jaw length 
PaLic wuJdi/pabte Icng^ „, 


Toiim, 

I- ir 
0-69 


BuUde^ Gmt Dufeo, Gieyhoyodb^ 
1-72 0-69 a-11 

0*24 1*12 0*60 


The greyhounds with the terriers the length-reladcns of 
the snout, and presuinably diverged beer in respect of their width- 
relations. The other two groups have beiximc more cxtrcine in 
both reladcns, but in opposite directions.. 

The measurements on wolves {Cants lupm) are mccresdng. 
For chc snout-lengdbycranial-Jctigdi rcladoa^ the wolf stands at 
the intersccdon of the two main curves on to which all the 
forms (except the toy terrier) fiiU^ For other measurements ic 
usually conforms to the terrier or the Great Dane typt- Though 
some of the results must be regarded as tcntativcp it seems dear 
that the form of domestic breeds is dependent on two main 
factors ^first, mutations affeedng the growth-coefficients of 
pameukr regions^ and secondly, changes in proportions conse¬ 
quential on changes in absolute size. These changes willt of 
coiirsep be quite difierent in the various ^ibcs because of their 
diflerence in growth-coefficients. 

Si 2 e in snakes is correlated with the pattern of the scales. As* 
this h used for taxonoinic diagnosis, the consequendaJ efficcts 
of sizcxhanges may be of sptematic importancei Thus Stull 
(^940) describes inter-^oup dines in the genus Pituopbis^ involv’- 
mg a progressive dimmudon in the number of scale^tows in 
passing oui^vards from the centre of distribution. In addidont 
scalc-charactcrs are graded and the relative caiJ-length 
increases markedly^ But all these characters appear to be direedy 
oonseq^dal on decreased absolute length. In fishes {Caiastomus) 
delay in development rebtive to growth leads to an increased 
number of scales (Hubbs, 1941). 
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It is in general fiir to state that change in absolute size is almost 
certain to produce numerous correlated changes in propornotis. 
It is also true that change in relative size of an organ is quite 
likely to be accompanied fay correlated changes in various of 
irs own characters: this faa is illustrated by the antlers of deer 
(Cervidae) and the mandibles of stagbectles (lucantdae), where 
it has important taxonomic consequences in denying taxonomic 
validity to groups distinguished on the basis of the form of 
allometiic organs (sec Huxley, rp3a, p. 304 seq,). In addition, 
continued increase in absolute size will so increase the relative 
size of an organ with well-marked allomctry that it will cven- 
tually approach the boundary of disadvantage. Selection may 
then operate to rcdtice its rate of growth and therefore its final 
size, or, if condidons alter rapidly, the organism may be caught 
napping in an evolutionary sense, and be extinguished. Such 
considerations would account for such apparent rases of ortho¬ 
genesis as the antlers of the Irish elk and the figras tir horns of 
some hectics (see Champy, 15^24), as well as the limited size of 
certain types, such as the fiddler-crafas (Uea), where males 
weighing 17 g. have laige claws three-quarters as heavy as the 
test of the body (Huxley, 1932, pp. 32, 216). 

The principle also has praccicaj implications, as to which I may 
again quote from a previous publication (Huxley, 1932, p. 88): 

“Hamiiiond (1928, see also 1921) has also shown that die growth- 

K idicnts ill the limbs and clscw'bcre affict the muscles as weU as tlic 
nes, so that the study is of practical as well as theorcdcal inipor- 
t^ce. An important point made by Hammond may be given in 
his own words 

“‘As the animal erows, it changes its conformation; at birth 
the calf or lamh is all head and legs, its body is short and shallow, 
tod the buttocks and loin are comparatively undeveloped; but, as 
it grows, the latter—^buttocks, loin, etc.—grow at a f^ter rate than 
the head and legs, and so the proportions of the animal change. .,. 
The extent to which these proportions change detetmines its con- 
tormadon; those which develop most for their age have the besr 
meat confcmmiion, while those which develop least have die 
worst. . . . Breed improvement for mat, thcrefoie, means push¬ 
ing a stage fiixther the natural change of proportion as the animal 
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matures. * * ^ The adult wQd mDufion ewe is m its proportiDns 

bite little in advance of the improved SulTotk Umb at birtn, although 

it is much larger.^ 

"‘Thus it would appear that one of the chief advances made by 
man ui creating improved breeds of sheep and other meat a nimab 
has been simply to steepen grovrthr-gradiefits which already O'peratc 
during post-natal devdopment in the wild ancestral fonns. Hammond 
himself (ip2S) has expressed a simile idea: TTic improver of meat- 
producing animals has apparendy not chosen mutarions occurring in 
belated points indcpendcntlv, but rather has ba.sed his selection on 
the gencralLzed correlated changes of growth/ ” 

McMcekan gives a simUar ^alysis for the pig. 

Another case where alteration in the rate of processes may 
have results of taxonomic importance is found in Hying-£sh 
(Exococtidac). In certain species barbels arc only present tn yornig 
specimens. But the'size at which the barbel is lost varies very 
greatly, apparently owing to the time-rdatiom of die process 
dtf&ring in different subspecies (Bntnn, 1933, who quotes similar 
cases fi-om other fish). 

A possible further cooscquendal cvohitionaiy result of mechan¬ 
isms regulatiug the proportion of pans I owe to a suggestion by 
Mr. Moy-Thomas, In standard textbooks it is custormry to 
dasaily the extinct group of Pakeoniscoid fishes into two separate 
groups, the Falaeonisddae and the Placysomidac. The only 
essential disonedon between the two, however, is one of Body- 
form, the former being elongated, the latter short and deep in 
body. In the course of their history, the two groups show parallel 
evolutionary trends. 

If the groups were truly disdnet, of separate origin, this would 
be a remarkable case of parallel evolution. On the other hand, 
as D'Arcy Thompson (1917* Chap. 17) first showed, differences 
in body-form of even greater extent than those between these 
two groups can be brought about by quite simple gicometrical 
tiamformarions, and Huxley (1932) pointed out that the actual 
mechanisms of reladvc growth, in the shape of growth-gradients 
or growth-fields of rclarivdy simple conformaEion^ provide a 
biological basis for such transformations, since alteration in a 
growth-gradient would aflect the proportionate siae of all the 
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parts in whose growth it was concerned (see also Goldschmidt, 
pp. an seq.). 

An ahermtive hypothesis, therefore, is that the Palaconisddae 
and the PJatysoniidac in reahty constitute but one natural group, 
and that in every ep«h two main types, elongate and deep¬ 
bodied, were evolved in relation to diflerent modes of life. Only 
further study can decide between these two alternatives. 

Granted the basic growth-mechanism responsible for the spiral 
shells of gastropods (Huxley, 1912, Chap. 5), only a limited 
«t of sheU-fortns is available. Rcnsch (1934, p. 89) has collected 
interesting examples of the extraordinary convergence produced 
by this determinism of growtb-niechanisni in land-snails. 

The claim that the concept of rate-genes is as important as 
that of the gene-complex would thus seem to be justified. With¬ 
out the concept of the gene-complex we could obtain little 
insight into the intricate phenomena of genic balance or the 
puzzles of the cvoludon of dominance and recessiveness. Similarly 
the study of developmental processes controlled by rate-genes 
has illuminated the reversal of dominance, and the cvoludonacy 
aspects of recapitulation, of ncoteny, foctalization, clandestine 
evolution, and apparendy useless characters, as well as hdping 
to a simpler understandi^ of the innumerable cases of quanti¬ 
tative evoludon. 


7. OraeR CONSEQUENTIAL BVOLtmONARY TRENDS 

So far, we have been considering mainly the evoiudonary 
e^ts of difforen^ in rate of development, whether between 
diderent species, difierent variants of the same species, or difierent 
parts of the body. However, there arc many other examples of 
cof^quendal cvoludon. Let us begin with one foom bony fish, 
which has been discussed by Moy-Thomas (1938). Here, the 
dermal bones of the skull appear to be determined primarily in 
reladon to the system of sensory canals. Bones not formed in 
direct relation with the canal system are produCKl to fill gaps 
between the canals. The precise number of centres operadve in 
such a gap varies (in rclarion to feaors at present unknown, but 
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pjirdy ui relation to the size of the gap), so diat die paiietd 
region, for instance, may be occupied by bones varying from one 
to four in number. The canaJ system is on the whole constant in 
plan throughout the class, but varies in the detail of position of 
its various parts. 

This will cause variation in the limits of pardcular bones, in 
the total number of bones determined in r^aon to the canal 
system, and in the size of the gaps to be filled by other bones. 
The parietal gap, for instance, is in some fish so much reduced 
that there is no room for a separate centre in it, and die parietal 
region is filled by a canahdetermined bone, the snpra-tcmporal 

It is obvious that, in these circumstances, the classical concept 
of homology breaks down. We cannot expect to homologizc 
individual bones throughout the class (see also WestoU, 1936). 
The evolution of the dcmial bones of the fish’s skull is entirely 
consequential on the changes in detailed pattern of the sensory 
canal system. The interminable disputes of morphologists brought 
up in the post-Daxwinian school, determined to discover precise 
correspondence between individual bones and 10 draw phylo¬ 
genetic conclusions from tbeir homologies, turn out to have no 
fiictual basis. The right answer was difficult to find for the simple 
reason that the wrong quesdoij was asked. Wc arc reminded of 
the fact pointed out by Jacques Loeb (sec Locb, ipiz) diat in 
embryo fish (Fwim/uIhs) the wandering pigiiient-<eUs eventually 
arrange themselves along the blood-vessels, so that the visible 
colour-pattern follows the partem of the circulatory system. 

In the Malagasy insecrivorc U^micentetes semitpitmHis an appar¬ 
ently adaptive reduction in tooth-size (p. Z87) has certain 
consequential effects on skuU-form (Buder. 1941). It w'ould 
be interesting to see whether such effects arc general. 

An example of great evolutionary importance is that cited by 
Watson (1926) of the locomotion of vertebrates. Among fish, 
there are two main t^'pes of locomotion—titat of most teleosts, 
in which movement b mainly restricted to die base of the tail, 
and that of various other forms, in which the w'hoic body is 
markedly undulated. In thb second group, die elasinohraticlis 
hold tbeir pcaoral fins stiffiy out, while the Dipnoi and Polyp- 
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terns and its rcJadvcs do not. Only from this last sub-type could 
the locomotion of the tailed Amphibia be derived, Hicse vrere 
first aquatic, but even later tlidr locomotion was "a swimming 
upon land” (but see the erttidsm of Moy-Thomas, 1934). Tlus 
is an excellent example of what we may call historical evolu¬ 
tionary consequence, where the past history of an. organism 
helps ro determine its future mode of evolution. Some examples 
of this we have already mentioned (p. 322) under the head of 
historical restriction of variability. A striking case of this in die 
evolution of our own species is ihe effect of monotocy (p. 525). 
Our own evolution also provides an example of rather a difEnent 
nature. The assumption of the erect posture at once converted 
many of our internal atijustiik'itts into matadjustmeins. Here was 
an immediate consequential step; the incipient counteraction of 
these maladjustments is a further one. 

Sex has numerous consequential cflfccts. In the first place, there 
is the tendency for characters acquired by one sex, e.g. by intia- 
sexua] selection, to be transferred in whole or in part to the 
other (see MeisenheJmer, 192r, chap. 23: Winterbottom, 1929, 
1932)- This will in certain groups increase die amount of evolu¬ 
tionary diversification to be found between species. Conversely, 
die difference in internal environiueiit provided by the two 
sexes may and frequendy will give rise to scx-linuted characters 
which arc wholly non-adaptive at their origin, but may later 
be used as the basis for adaptive (e.g. cpigamic) sex-iimited 
characters (cf. discussion in C. and F. Ckirdon, 1940, who suc¬ 
ceeded in building up stocks of Drosophila with a non-adaptive 
but definite sex-limited female character—brown palp). 

Somewhat similarly, die scx-linuted difference in hair-number 
varies considerably in different species of Drosophila (Mather, 
Thus in D. melanogaster and in D. srniuldris females have 
rather more hairs than males, but in D. i'iVjIij many fewer. 

A very extraordinary case concerns die external genitalia of 
hyenas (see L, H. Matthews, 1939^)* These are indistinguishable 
externally in males and non-parous females. Copulation, as a 
result, appears to be an elaborate and difficult feat. Matdiews 
suggests that this apparently dystelic state of affairs is die consc- 
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gucnce of some imiisual upset of endocrine balance, the females 
having an excess of androgenic substances and presimiably a 
deficiency of ocstTogens, Tlie condition is closely parallel to that 
seen in adrenal virilis m in females of our own species. 

Empirical observation reveals numerous other peculiarities of 
organic construction which may form the basb for consctjuendal 
evolutionary trends. 

In mammals, for example, the extremities (""points": ears, 
limbs, muzzle^ and tail), either as a whote or in their termiiial 
pordonSp are fircqucncly of a difierent colour from the rest of die 
body, Thb tindoubtedly depends on a physiological pcculiaiity 
of these regions, namely their lower temperature. Detailed 
studies have been made of the problem tn the Himalayan breed 
of domestic rabbity which is white with black points (see lijutf 
1931), The HimaJayan pattern depends on an allele of the albiiio 
series which reduces the intensity of mcknin-producdoiL At this 
level of production, melanin can only be formed in regions 
below a certain critical temperature. In normal animals, these 
regions exist only in the points j but by experimental procedure 
(shaving and subsequent exposure to cold) black hair can be in¬ 
duced in any region of the body, Thyroidization also alFects the 
reaction. The Siamese pattern in cats is similar (iljiti and lljin. 1930). 

In the most general terms, the points provide a diflerentia] 
environment for the manifestation of pigmcntation-gencs; and 
when these arc working close to a threshold level of production, 
di^Ferential cHccts arc readily produced iti these areas. The 
quantitative restriction of this or that cype of pigmentation 
depends on quantitative reduction in the activity of the genes 
responsible: but its localized distribution depends on a differential 
pattern in the construction of the organism, providing different 
opportunities for gcnc-cxpression in different areas. 

The dorsal stripe present in so many breeds and species of 
mammals is doubtless a further example of the same principle. 
Numerous other examples may be found enumerated in works 
such as cho^ ofHaeeker (1925, 1927).* 

* Ie is airceijary tm diniTCtkial gcoyjids to draw 3 jhaip dudiiiCtiDn becwMti 
cuo, dependent on the gmcisJ constriBctksn of ibc or^anuin^ and odicn 
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Th«r presence of such urganizationa] patterns will result m a 
considerable aiirotinc nf parallel evolution in regard to visible 
colour-pattcni. 

Mantnialiaii extremities (points) also react to temperature in 
another way, naiticly by enlarging at higher temperatures 
(p, 213)* This is again very likely due to the increase in their 
heat-loss and the lowering of their intrinsic temperature at lower 
external temperatures, bi any ease, this will account for a large 
number of paraUcl trends (charactcr-gradicitts} afTecting relative 
size ofcxcrcmitics, which arc found in nature, 

Tlic iii!«t extensive type of organismal pattern is the organic 
gradictit or as it is better styled gradieiu-fieitl (Huxley, 
Although we arc still in ignorance as to the physiological basis 
of such gradients, they undoubtedly exist, and by providing 
differential environ tnents for gene-expression, open the diior to 
eonsequenda] evolution. Such gradients may be total, extending 
til rough the whole organism, or partial, extending tli rough a 
single organ or region. 

Tlic interesting effect of different regional gradients on pig¬ 
mentation is well shown in the zebras, in which die striping is 
always at right angles to the main axis of die region, wlictlier 
trunk or limb. Where hind-limb area inects trunk area, inter¬ 
action of the stripe system occurs, giving curious iiattcnis. Tlicsc 
patterns differ from species to spcdcs (sec Hacchcr, 1927). doubt¬ 
less on account of slight differences m die form and relative 
intensity of the underlying gradients. 

One of the most widespread results of the existence of such 
gradients is die common type ofcohwatioii in many vertebrates, 
which produces counter-shading with dark back and light belly. 
ftiUowing the main dorso-vcntral gradient of the ciiihryo. 
According to the mode of geiic-cxprejsinn, die dark may grade 
into the liglu or be sharply deUmited, and according to the 

whith iiL-[icnd on tht eximciicc orio<:.il fulfill—e.g. the dcliniitod 

ficfdj nf llliiiy binfj (Hwxfccr, tit,). apjH'jr to liavt' linin' jiufotty 

sfcilh thr lucaliztil moqihoi'iriitth.' fitkls into wltiih lilt' dL’Vtfopillg inihryo 
becomes divided, and swlikh may peruH into tht adult, ai n.'ivahxl by itf^iicta- 
tinii vxpcrinK'iita in iirodcia (nrfnuncnin Hiixicy and ik- Uat aiid I fusk-/; 


S4S EVOUfTIOJ^: Tin modern synthesis 

threshold of gaK-activity, the light veatral area may be larger 
or smaller. Generic inalysis in rodents has revealed a series of 
alleles, whose diflEcrcmial ef?m within this gradient is quand- 
tatively difierent. By altering the threshold of g)enMctivit)% 
uniformity of coloration from mid-dorsal to mid-ventral line 
may be established, and by special mechanisms the normal 
pattern may be reversed^ as in the ofTensivc sknnks and Cape 
polecats and the wcU-defended ratels [Mephitis^ C<mipatus^ 
and MelUi^cra), m order to enhance instead of to reduce 
conspicuousness,^ or replaced by quite different types of patterns; 
but the cidstencc of the gradient has provided the basis for a 
great deal of parallel evoludon in pigmeficadon characters. 

The phenomenon known as determinate variability also 
depends undoubtedly on the existence of organisma] or regional 
gradients. For mstance;^ hi die ladybird beetle AJalia frigi^a 
(Zarapkin, 19jo) all stages occur from mtspotted through spotted 
to nearly uniform bbek types. There is, however^ a regularity 
in the order in which the seven pairs of spots appear and in that 
m which they are subsequcurly joined. The gradic iu-fic 1 d appears 
to be n coniplc?s one, .'ind there is accordingly a ccnaiii anioum ol 
variabUityt bnt the general regularity is marked. 

Gause (1930) has made an interesting compaxarive study of the 
subject in three species of the coleoptcran genus Phytt^Jecta, All 
most commonly have five pairs of spots in a characterisdc pattern 
on the elytra, but variants occur, especiaUy in the minus dirccdon. 
Variability in spot-number is least in P, mjipes^ greatest in 
P* ivjfflindfo, with P. h'fjndedTiKs in an intertnediacc posirion. This 
difference, however, depends on sonie relation between an 
antcro-postcrior gradient and die threshold for pigniciit-dcposi- 
don in the spot areas^ since in all fonns tlic anterior spots arc 
rarely (or never) absent, but the posterior spots frequently, and 
inercasingiy so with increasing durance from the anterior end. 
Th^ dirtihold for invariable pigment-deposirion (spot present 
in 99 per cent of cases or over) is halfway down the elytra in 
P. ruJipeSr so that three pairs of spots arc always present; in 
P. fiifncrra'Jiiii it is near the anterior end, leaving two stable pairs, 
and in P* uimmalis still more anterior, leaving only one invariable 
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pair of spo^. This may be due cidicr to alteration in the slope 
of the gradient or in the intensity of pignient-'foniiacion, or both. 
Thar the gradient is really a gradient-field and capable of altera- 
tions affecting spot-pattern is shown by a comparison of sj^ot^ 
frequency in P. linnaemuiS and K vifHinflh’j. Wliereas in die 
latter the facts can only be interpreted as die basis of a unifortn 
gradient runnui^ diagonally from the external anteriar margin 
to die posterior point of junction of the elytra^ the gradient of 
P. linnaeanus must be more complex* starting as in I\ vimiudih^ 
but m the posterior half of the elytra running out cowards die 
external margin again. 

Thus the form of the gradient-field in the elytra has bodi 
general and special consequences, for the intra- as well as die 
inrer-specific variation of the pigmentation of the genus. 

A related phenomenon occurs in the platens Larvae of sea- 
urchins. The skeleton of the plucci belonging to various cdiiiioids 
of extremely different adult struccurCt and assigned to different 
suborders or even subclasses, is virtually idencical. Von Ubisch 
(^93*3) suggests* on the basis of experimental analysis, that diis 
IS due to the existence of a general type of gradient-field deter¬ 
mining shclcton-forniation, shared by most typical plucei^ and 
due simple quantitative alccrations in this would bring about 
strong siiniiotity in skeleton, irrespective of com men descent or 
adult resemblance, thus simulating orthogenesis. In a bter paper 
(1939) he shows that cytoplasmic viscosity is the chief agent 
affecting die form of the k^al skcletom By treatments altering 
viscosity, normally simple skeletons can be made more complex* 
and then show a close resemblance to die normally complex 
skeletons of other forms* 

A slighdy different phenomaion of the same sort occurs in 
anodicr ladybird, Epiladma cbfysoineliiui (Zarapkin and H. A. 
TiinofdcfP-Ucssovsky* J932). Here die sliape of single spots was 
studied. It was found that with itictease in absolute spot-size 
(aiitcro-posterior length) most spots became increasingly elong¬ 
ated in form (liighcr ratio of length to breadth)* The degree to 
whicli this occurs* howcvcri is much greater m some spots than 
ill others, and may differ markedly even in neighbouring s|Hjts, 
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The gradient-field afieccing pignicnt-depositioii must accordingly 
be distoited in difTerent ways tn difFbicnt regions. 

A genetic difference in spot-size will chcrcjforc brii^ about 
consequential difrcratccs in spot-form; such a dilfereiice was 
found to distinguish the races from Palestine and CorAi respec¬ 
tively. One spot (near the hind end of the elytra) was found to 
behave in a more complex manner, becoming first more and 
bter less elongate with increase in absolute length. 

Similar studies made by R. H- Johnson (t&io) on tlic entire 
bniily CocdncUidac, have shown that some intrinsic plan of 
organization gradient-field) has important consequential effects 
on the evolution of pattern in tlic whole group of ladybird 
beetles. A great volume of data on this and cognate subjects is 
discussed by Vogt and Vc^ (ipjS). 

Enteresting work has also l^ca done by Schwajiwitsch (1924, 
1926) on the patterns of buttcrfiies' wings. He shows that in a 
large section of the Rhopalocera, all existing patterns can be 
derived from an. originat prototype through the modification of 
diffetent markings by a limiccd number of methods. Both the 
existence of the original prototypic pattern and the limited 
modes of its alteration operate to restrict the evolution of pattern 
in the group in a consequential way. 

Rctunung from colour-patterns to other characters, we find 
that the existence of the abnormal condition of the head kiiowu 
as otocephaly is in guinea-pigs due to a combination of gctictic 
and cnvironinemal faaors acting upon the primary gradient of 
the embryo (or that of the organizer). Similarly the suppression 
of digits in the course of evolution in the guinea-pig family, and 
tlicir subsequent restoration by selective breeding (p. 501). 
appears not to have depended on genes acting on each digit 
separately or direedy, but on genes afiecting the genera] tendency 
of the limb primordium to break up into discontinuous parts 
(digits) at .its distal end, by interfering with a controlling centre 
of the digit-forming field, situated on the post-axial side of the 
hand region of die limb-bud (discussion of both cases in S. 
Wright. i954lf. and of the latter in J. P. Scott, 1938). For instance, 
the same gene which in single dose tends to restore a normal 
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thumbs and often a nortnal little toe ako^ in double do;Se k IctKal, 
but permits development to a stage at whidi the embryo is 
seen to possess the rudiments of 8 to 12 toes per foot. Further, 
one modifier was found which promoted the dcvclopmeni of 
thumbs but inhibited the development of little toes. This niay 
most readily be interpreted as a gene steepening a gradient 
concerned with digit'-scparatioR» and running ftom die pte-axial 
to the post-axial side of the limb. 

An interesting coiisc<juence of serial repetition of structures 
such as teeth is nientioned by Gregory (193^)'^ mafnmaliaji 
tooth-series of course early becomes differentiated into markedly 
disdnet subscrics. But the fundamental seriation, with it? capacity 
for more extended repetition, remains, and when a character 
is added in one subseries, ^‘^as in the ease of new cusps in the 
premolars or new cuspules in the molars, the whole tooth-row^ 
often tends to be glossed over, so to speak, with the same surface- 
features, so that all the chcck-tceth, as in the horses, come to look 
amazingly like each other*\ This phenomenon Gregory caljs 
‘^secondary polyisomerism”; it frequently imparts a quite decep¬ 
tive appearance of lack of differentiation^ the new features which 
have spread over a large part of the series disgiusing the older 
characters dUferentiating the subseiics. 

A curious consequentia] effect is the weakening of feathcr- 
stnicture associated with the presence of red lipochrome pigment. 
This appears to be due to the inhibitioii of feather-differentiation 
by lipochrome (Dcsscibcrger, The chief result is the 

reduction or loss of barbules^ wliile the barbs fail to show full 
differentiation into cordcal and medullary layers. 

Lti the barbets of the genus Lyhhis^ black-^ red- and white- 
headed forms are found. One of the last-mendoncd, L. terquatus 
zombac^ studied by Salomonsen (i 9 lS)» appears to have been 
recently derived by mutation (of at least two genes) from a red 
form (sec p. 195). 

Red feathers* as ivc have seen, become worn much more 
rapidly and thoroughly than black; but die white feathers of 
jronilw arc so weak that they arc almost pathological, the whole 
white portion rapidly disappearing with wear. Apparendyp the 
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presence of lipodiromc confers a certain degree of medmiica] 
solidity. Ulus in L. L zomlnie, the white feathers arc doubly 
weat: they retain die weak structure characteristic of the red 
feathers from which they have arisen, and also, through the lack 
of all lipochioniet die rettiaiiiiTig structure is further weakaicd. 
In certain other whiti>-hcadcd Lybhis^ however, the white 
feathers are notmaL Presumably other niutatiom have occurred 
which restore the normal feather-structure. Salomonscn notes 
chat some individuals of L, L zi>mbi 3 e have patches of normal 
white feathers on the head; possibly sdecrion is already at work 
repairing some of the deleterious effects of the white mutations 
(cf. the similar “repair"' of the St. Bernard dog^ p. yj). 

After this chapter was written, Goldschmidt (1940) published 
his Material Basis of Evolution^ in whicli he pays considerable 
attention to the problem^ dcYotiag over jtxi pages to ^^evolutioti 
and the potcndalitics of development'\ Alrc^y in 1920 he had 
recognized that "a diangc in the hereditary type can occur only 
within the possibilities and Hmitadons sec by the normal process 
of development**, and had illustrated the point at some length. 
In this latter work he restates the matter more posirively, e.g. 
p. 322: "What is called in a general way the itiechanics of develop¬ 
ment will decide the direction of possible evolutionary changes. 
In many cases there will be only one direction. This is ortho¬ 
genesis without Lamarckism, without mysticism. . . 

Among his examples we may cite a few. Where certain red 
pigments normally occur in Lepidoptera^ ycUow varieties (aber¬ 
rations) ocoir, and white mutants may arise from the yellow 
forms {p. 12), This, however, is doe to alteration in the rate and 
intensity of red pignicnt-fonnation {Ford, 1937)* 

He agrees chat the demonstration of growth-gradients and 
gtowth-ficlds accounts for many examples of non-adaptive 
variation^ and lightens the burden on natural selection hy showing 
that Dumerous correlated changes in proportions will he expected 
to occur as die result c f single mutations affecting the form of 
the growth-gradient.* 

* ft if vifoak ricciUuig that cLvckipcnciitil processes '''Ughcen the burden on 
mturjJ fcJcction"' ui a number of other wayi, though hac by means of modifi- 
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Some of his most striking ca$cs cano&m the morphogenetic 
effect of the ductless glands. For iitstancep once tlic tliyroid has 
been evolved, certain changes in it will be expected to exert 
stmiUr consequences in numerous typra. It is no accident that 
the thyroid is associated with metamorphosis not only in Am¬ 
phibia but in various fish such as eels, flounders, and mud-hoppers 
(iVrifpAlfcij&nwj). In the last^mcd, dhc aquatic larva becomes an 
amphibious adult, but excess thyroid causes an inrcnsLficauoti of 
all its adaptations to aerial existence, most notably in the pcaoral 
fins, which come to simulate a tetrapod limb (p.277; Harms, 

Again, achondroplasia and other peculiarities in ske or propor¬ 
tions, which arc certainly or probably dependent on endocrine 
changes and which occur as aberrations in man and other forms 
and as breedHtypes in dogs, goldfish, ctc.^ are closely similar to 
the normal condition in various wild species (short-legged 
carnivores, bulldog-faced fish^ etc.}. There is at least a prima 
fam case for regarding the primary dbarigc leading ro the even 
lurioti of these species as being similar to chat involved in tlie 
production of the peculiar breeds and aberrations. On the ocher 
hand^ there is no reason to suppose that the change in die wild 
species must have been abrupt, as Goldschmidt assumes. It is 
more likely to have been a gradual process, accompanied by 
buffering with modifiers (cf. our discussion of Stockard^s results 
with Sn Bernard dogs^, 71). It seems clear, however, that the 
endocrine system comtiuites a ^^chcmical skeleton" whose exist- 
ence and nature prescribes certain limits to, and cenain iavoured 
modes of, evolutionary change in its possessors* 

With die progress of what Haecter (192$) calls phenogenetics 
and of physiological geneda in general, numerous other examples 
will undoubtedly be unearthed in the most diverse group of 

cation^ EK)t by coruci^tieiitBl effects of dw type we have here bten discusing. 

] T^fcr lo the cicmoTdirtary fuiKtiotul adaptation of fine nniccure and often size 
vn:n in boti^s, tcndoni, blood-veHeli, etc. {sec disctisbn in HiwJcyami dc Bccr^ 
dup. ijp §5 6 , 7p pp. 4^1 3cq,). Tbcie Jiave frtquenlly hern held up a ini- 
of explanation on a lelccticMtui view. So they wouM be if they were the 
tesuit of gcnetii; adappttmi; but all the deoib appear to be due to luodEft- 
cafidiui adaptacida^ produced anew by Hirictioml dcfiiands m each iridividiiiL 
The geucTal ^amewotk is genetically adiptwe, and so u iHc general capacity 
for leacticici; the rest ii nnodiiicatioiikl polish. 
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organisms, Wc arc here concerned only to establish principles. 
It seems dear that the e^dsteiicc of organijcational patterns in 
organisms^ whether in the sliape of general, regional, or local 
gradient-fields p or in some odier fortn^ will have eonsequeiirlal 
evolutionary effects. It will for one thing account for a great deal of 
otherw ise mysterious parallel evo]utiontC,g, in pactemrin hom-de" 
vciopmenc in titanotheres,in relative size of aliometric organs, etc. 

Aggregation, as in social hymenoptera, can also be regarded 
as a type of organization, and may have important consequential 
effects. To cake but one example^ the woodHi'acing liabiEs of 
primitive termites, so important for their evolutionary success, 
couldt it seems, only have arisen in a social form. For their digestion 
of cellulose depends on the presence ofsymbioric protozoa; and 
these arc lost at each moult, so that rein&crion can only occur 
through assodadon with othetp non-moulting individuals (see 
discussion in Emerson, 1939)^ 

One might perhaps also include a category of historical conse¬ 
quential effects, as when types evolved in relation to one habitat 
manage to mvade another. Thus, as Professor Salisbury informs 
me in a letter, various species of trees in the neotropical rain¬ 
forests are deciduous; and all arc closely related to deciduous 
temperate Types. However, this is perhaps to extend the concept 
of comcqucndal evolution too widely, until it becomes merged 
in the obvious fact that in evolution die present and future of an 
organic type is partly determined by its past. 

Examples such as those of socid insects (pp. +80, 482), of 
ccriation in poUen (p. 481), of selection in abundant as gainst 
rare species,and of iticta-uterinc sclccrion in polytocous mammals, 
show how the type and course of evolutionary trends may be 
altered according to the type of comperition and selection at 
work. A somewhat similar conscqucntia .1 trend in this field 
concerns the cHectof inter-male competition in birds and other 
groups. The result has been that in general the males have become 
much more differentiated than the feuiales, their secondary sexual 
characters being usually striking ai^d specifically disdnetive; and 
further that some of [his masculine divensificatioii has djen been 
transfer Led to the females, aldiough in them the characters are 
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fimctionless (see D;irwin, 1871; Meisenlieinierj ipsi^ chap. 23; 
Winter bottom, 1929 and 1932 ; Huxljy^ and A; and p. 5 +s)p 
T he examples we have been considering in these sections show 
how the Tset that most genes afFcct the ratc^ the time of onset, 
the duration, and the type of developmental processes, will pro¬ 
vide the raw material for trends involving progressive alteraticn 
in one or other of these factors of developniciit. Since the raw 
material is so abundant^ consequential trends of cln$ sort viill be 
frequent. A description of some bearings of the subject is given 
by Huxley (1932, Chap. 7), and fuller cvoludonary discussion 
is given, not only by Goldschniidt (see above), but by Haldane 
in his previously cited paper (1932A), by de Beer (i94oA),*ajid 
from the standpoint of physiological genetics by Waddington 
(1941 A) . The course of Darwinian evolution is thus seen as deter¬ 
mined (in varying degrees in different forms) not only by the 
rype of selection, not only by the frequency of mutation* not otily 
by the past history of the species, but also by the nature of the 
developmental effects of genes and of die ontogenetic process in 
general. 

PosTsciuPT.—Weidenreich's important recent paper (i94i) 
deals with consequential trends in mammalian skulls, dependent 
upon brain-growth. The brain s relative growth-rate is high in 
early embryomc life; in ^most mammals, it later slows down 
markedly, and the high aJlomctiy' of the face then comes into 
pby. In dwarf domestic breeds and small wild spedcSj facial 
allometry is checked early. There normally results not only a 
relative orthognathism, hut also absence of cranial superstructure 
(sagittal crest, supra-orbital ridges, etc.), persistent cranial sutures, 
rounded palate^ smaller tectli, often with simplified pattern, 
relatively vride cranial cavity (brachycephaiy), etc.; in young and 
dwarf dogs, the frontals are almost entirely cranial, while in 
adult large dogs their major part is facial* Man, though not a 
dwarf species, shows the "'dwarf ^type of skull. This is not due 
to the retention of vbtble foetal characters, as postubted by 
Bolk (p. 526), but to the persistence into later stages of the brain's 
early high rdarivc growth-rate* 
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I. 13 EVOLirnONA^y FROCRESS a S CUvNIIH C concept? 


iTic quetdon of evoludoiiary or biological progress remains. 
Tlicrc stUl exists a very great deal of confusion among biolo^ts 
on the subject. Indeed the confusion appears to be greater among 
professional biologists than amot^ Laymen. Ttis is probably doe 
to the common human i&ilmg of not seeing the wood for the 
trea; there arc so many more trees for the professional!* 

Tile chief objections that have been made to employing 
prioress at all as a biological term, and to the use of its correlates 
Ai^Aer and tower as applied to groups of organisinj, arc as follows. 
First, it is objected that a bacillus, a jellyfoh, or a tapeworm is as 
well adapted to its awitonment as a bird, an ant, or a nun, and 
that therefore it is inooirect to speak of the latter as higher than 
the former, and ill^;iical to speak of the process^ leading to 
their production as involving progress. An even simpler objecd^i 
is to use mere survival as criterion of biological value, instead of 
adaptation. Man survives: but so docs the tubercle badllus. So 
why call man the hi^t organism of the two? 

A somewhat si mil a r argument points to the feet that evolution, 
both in the fossil record and indirectly shows us numerous 
examples of spedaJization leading to increased efficiency of 
adapadon to this or that mode of life; but that many of such 


* a ^ dbo^ of apcffi of the probl™ Hi«ky. i«m. 

i93«. iMo;Wellj. Huder andWelh, i^o, Book chap,.*, § i. 
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specialized lines become cxdnct, wliile most of the reniaiader 
reach an equilibrium and show no Anther change. 

This type of objccdon, then, points to certain fimdamenul 
attributes-of hving things or their evolution^ uses them as defini- 
dons of progress, and then denies chat progress exists because 
they are found in all kinds of organisms^ and not only in those 
that the believers in the existence of progress would call pro¬ 
gressive. 

A slightly less uncompromising attitude is taken up by those 
who admit that there has been an increase of complexity or an 
iucTease in degree of oigankation, but deny that this has any 
value, biological or oEherwisc^ and accordingly refuse to dignify 
this trend by a term such as progress^ with all its implications. 

Some sodologistSp ficed with the problem of reconciling the 
objective criteria of the physical sciences with the value criteria 
with which the sociological data con&onts them, take refuge in 
the ostiich-like attitude of refusing to recognize any scale of 
values. Thus Doob hx a recent book (1940) writes: 

”In this way^ the anthropologist has attempted to remove the 
idea of progress from his discipline. For him, there is just change, 
or perhaps a tendency towards increasing complexity- Neither 
change nor complexity is good or bad; there arc differenoes in 
degree, not in quality or vimic. . , . The sweep of Hstorical 
progress reveals no progressive trend.,, 

By introducing certain objective criteria into oui defrnition of 
progress, as we do in the succeeding sectian, this objection can 
be overcome* at least for pre 4 iuman evolution. In regard to 
human evolution, however, as we shall see in the concluding 
section of this ehapter, the nettle must be grasped, and human 
values given a place among the criteria of human progress. 

The second main type of objection consists in showing that 
many processes of cvolurioix are not progressive in any possible 
sense of the word, and then drawing the conclusion that progress 
docs not exist. For instance, many forms of life, of which the 
brachiopod Linguta is the best-known example, have deniioa- 
strably remained unchanged for enormous periods of several 
hund^ds of tnillions of years; if a Law of Progress exists, the 
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objectors RTguc, how 1 $ it that such oi^anisim are exempt &om 
its opmcioiis? 

A variant of this objection is to draw attcntioii to the numerous 
cases where evoludon has led to degeneration involving a 
degradation of form and function, as in tapeworms, Sacmlim 
and other parasites, in sea-squirts and other sedentary forms; 
how, it is asked, can the evolutionary process be regarded as 
progressive if it produces degeneradon f 

Thiscategory of objections can be readily disposed of. Objectors 
of this type have been guilty of sctdng up an Aunt Sally of their 
own creadon for the pleasure of knocking her down- They have 
assumed that progress must be universal and compulsory; when 
they 6nd, quite correctly, that universal and compulsory progress 
docs not exist, they state chat they have proved that progress 
does not exist* This, however, is an ekmentary fallacy* The task 
before the biologist is not to defne progress a priori, but to 
proceed inducdvely to see whether he can or cannot find evidence 
of a process which can legidmately be called progressive. It may 
just as well prove to be partiai as universal. Indeed, human 
experience would encourage search along those lines; the fact 
that man's progress in mechanica] arts, for instance, in one part 
of the world is accompanied by complete stagnation or even 
retrogression in other parts, is a familiar fact. Thus evolution may 
perfectly well include progress without being progressive as a 
whole. 

TTjc first category of objections, when considered closely, is 
seen to rest upon a similar fallacy. Here again an Aunt Sally has 
been set up. Progress is first defined in terms of certain properties; 
and then the distribudoit of those propetdes among organisms 



These procedures would be bughable, if they were not lament¬ 
able in arguing a lack of training in logical thought and scientific 
procedure among biologists. Once more, the elementary fact 
must be stressed that the only correct method of approach to the 
problem is an induedve one. Even the bar dert ed opponents of 
the idea of biological progress find it difficult to avoid speaking 
of higher and lower organisms, though they may salve their 
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consciences by putting the words between inverted commas. 
The unprqudiccd observer wiii accordingly begin by examining 
various types of higher” organisms and trying to 

discover what characters they possess in common by which they 
differ from ^'lower” organisms. He will then proceed to cxajmnc 
the course of cfvolution as recorded m fossils and deduced from 
indirect evidence, to sec what the main- types of evolutionary 
change have been; whether some of them have consistently led 
to the dev-clopmcnt of characters diagnostic of ^^higher forms; 
which types of change have been most successful in producing 
new groups^ dominant forms, and so forth, if evolutionary 
progress exists, he will by this means discover its factual basiSp 
and tins will enable liim to give an objective definition. 


2. THE DEFINITION OF EVOLUTlONAkY PFOCHESS 

Proceeding on these lines, we can immediately rule out ccrtaui 
characters of organisms and their tvolutioii from any definition 
of biological progress. Adaptation and survival^ for instance, arc 
universal, and arc found just as much in ^'lower*' as in "higher 
forms: indeed, many higher types liavc bectMue extinct wliile 
lower ones have survived. Complcxiry of organization or of 
life-cyde eannot be ruled out so simply. High types arc on the 
whole more complex than low. But many obviously low organ- 
isms exhibit remarkable complexities, and, what h more cogent, 
many very complex types have become extinct or have speedily 
come to an evolutionary dead end. 

Perhaps tlic most salient fact in die evolutionary history of 
life is the succession of what the palcoucologist calls doininanc 
types.* These are characteri^cxl not only by a high degree of 
complexity for the epoch in which dicy lived, but by a capacity 
for branching out into a multiplicity of forms. This radiation 
seems always to be accompanied by the partial or even total 
extinction of competing main ty^pcs, and doubtless the one fact 
is in large part directly correlated widi the odicri 
In die early Paleozoic the primitive relatives of die Crustacea 

^ For fuller sumiiury, see Wells, Htixicy. ^nnl WclU (mo), Bt>ok 3. 


5(50 tVOLUTlON: the mooejin synthesis 

known as die trilobites were die dominmt group. Tlicse were 
succeeded by the marine arachnoids called sea-scorpions or 
curyptcrids, and diey in cum by the armoured but jawlcsj 
vcrtcbtaccs. the oscracoderms, more closely related to lampreys 
than to true &h. The fish, however, were not Iv behind, and 
soon became the domitunt group. Meanwhile, groups both 
from among the arthropods and the vertebrates became adapted 
to land life, and towards the close of the Paleozoic, insects and 
amphibians could both claim the title of dominant groups. Tlic 
amphibia shordy gave rise to the reptiles, much more fully 
adapted to land life, and the primitive early insects produced 
higher types, such as beetles, hymenoptera and Icpidoptcra. 
Higher insects and reptiles were die doniinant land groups in the 
Mesozoic, while among aijuatic forms the fish remained pre¬ 
eminent, and evolved into more efficient types: from the end of 
the Mesozoic onwards, however, they show litde further change. 

Birds and mammals began their career in the Mesozoic, but 
only became dominant in die Cenozoic. The mammals coticinucd 
their evoludon through the whole of this epoch, while die 
insects reached a standsdl] soon after its beginning. Finally man's 
anocstraJ stock diverged, probably towards the middle of the 
Cenozoic, but did not become dominant until the latter part of 
die Ice Age. 

In these last two cases, the rise of the new type and the downfall 
of the old was without question accompanied and fitdlitatcd by 
World-Wide clunatic change, and this was probably true for 
otlicr biological revoludons, such as the rise of the reptiles to 
dominance. 

When the facts concerning dominant groups are surveyed in 
more detail, they yield various intcrestmg conclusions, In the 
first place, biologists arc in substantial agreement as to what 
were and what were not doniinant groups. Secondly, some 
groups once dommant have become wholly extinguished, like 
the trilobites, curyptcrids and ostracodemis, while others survive 
only in a mucli reduced form, many of their sub-groups having 
been extinguished, as widi the reptiles or the monotremes, or 
their numbers enormously diminished, as with the larger non- 
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bum^ placcntals- Those which do not show redticdon of one 
or the other sort have remained to all intents and purposes 
imchangcd for a longer or shorter period of geological timCt as 
with the insects or the birds. Fmally, later dorninant groups 
normally arise bom an imspeciali^d line of an earlier dominant 
gtoupj, as the birds and reptiles from among the early rcpdlcs^ 
man from the primates among the mammals {p. 525^ foomote)* 
They represent, in fact, one among many hues of adaptive 
radiation; but they 6 iSci from the others in containing the 
potentiality of evolving so as to become dominant on a new levels 
with the aid of new properacs. Usually the new dominance is 
marked by a &esh outburst of radiation i ihe only exception to 
this rule is Man^ a dominant type which shows negligible radiation 
of the usual structurally-adapted sort, but mak^ up for its 
absence by the complexity of his social life and Im division of 
labour. 

if we then try to analyse the matter still further by examming 
the characters which dbdngujsh dominant from non^omlnant 
and earlier from later dominant groups, we shall find first of 
all, efficiency in such matters as speed and the application of force 
to overcome physical limitations. The curyptcrids must have 
been better swimmers than die trilobitcs, the fish, with their 
muscular tails, much better than either; and the later fisii are 
clearly more efficient aquatic mechanisms chan the earlier. 
Similarly the earlier reptiles were heavy and clumsy, and quite 
incapable of swift running. Sense-organs also arc iniproved, and 
brahis enlarged. In the latest stages the power of manipulation is 
evolved. Through a conibinadon of these various factors man 
is able to deal with his environment in a greater variety of ways, 
and to apply greater forces to its control, than any odicr orgnuiism. 

Another set of charactenstks concerns die internal environ^ 
ment. Lower marine organisms have blood or body-fluids 
identical in sabne concentrations with that of die seawater in 
which they Hve; and if the composition of dicir fluid environment 
is changed, that of their blood changes correspondingly. The 
higher fisli, on die other hand, have die capacity of keeping 
thdr intcnial ciwlronmctic clicniically almost constant. Birds 
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and manimals have gone 2 step further: they can keep the 
temperature of their internat environment constant too, and so 
are independent of a wide range of external tentperature change. 

The early land animak were faced with the problem of 
becoming independent of changes in die nioisDirc-content of 
the air. This was accomplished only very partially by aniphihin, 
but fiiUy by adult repdies and insects through the development of 
a hard impermeable covering. The freeing of the young verte¬ 
brate from dependence on water was more difficnlt. The great 
majority of amphibians arc still aquatic for the earlier part of 
their existence: the cLaboratc arrangements for rendering the 
reptilian egg deidoic 0 . Needham, 1931* pp, 1132 scq.) were 
needed to permit of the whole life-cycle becoming truly 
terrestrial. 

There is no need to nmlriply examples. The distinguishing 
characteristics of dominant groups all fall into one or other of 
two types^those making fur greater control over the environ¬ 
ment and those making for greater independence of dianges in 
the environmcivu Thus advance in rliese respects may prsi- 
visiniuHy be cnkci) as ilic criicrion nf biotogical progress. 

THE NATURE AND MECHANISM QF EVOLUnONARY 
PHOORESS 

It is iniportant to realize that progress* as thus defined, b not 
the same as specialization. Specialization* as we have previously 
noted, is an improvement in efficiency of adaputioii for a 
particular mode of life: progress is an iniprovcmcnt in efficiency 
of living in general. The latter is an aJI-roundt the former a 
onesided advance. We must also retnember that in evolutionary 
history we can and must judge by final results. And there is no 
certain case on record of a line showing a high degree of special¬ 
ization giving rise to a new type. All new ty^pes whidi themselves 
are capable of adaptive radiation seem to have been produced 
by relatively unspedalized ancestral Inies.* 

+ If Gintajjg'i uiggvstlmi be irue (sm p. 333) that ' VLtitirstuH: cvDlutioJi"' 
hu crubM pcw brge-icak r^dutioTU to siajt udJiziiig: a iarvat cifgiiuz.iUon 
and driving ihc aduic argatiburioD ofi" the stage, vk have here an appatent 
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Looked at from a sliglidy difFcrciic angle, we may Sniy that 
progress an list in pare at least be detiiied on cbe basis of final 
rc^Liks. These results have consisted m the historical fact of a 
socccssioii of doziiinant groups^ And the chief diaraacristif: 
which analysis reveals as having contributed to the rise of any 
one of these groups is an improvement diat is not onesided but 
all-round and basic. Tcmpcrature-regnlation^ for instance^ is a 
property' whidi affects almost every function as weU as enabling 
its possessors to extend dicir activiries in rime and their range 
in space. Placental reproduction is not only a greater protection 
for the young—a placental modter* however hard-pressed, 
cannot abandon her unborn embryo—but diis additional protect 
rioti, together witli the later period of maternal care^ makes 
possible the extension of the plasdc period of learning wliicli 
then served as the basis for the further condnuance of progress. 

It might, however, be held that biological inventions such as 
die huig and deidoic sheUed which op>ened the world of 
land to the vertebrates, are after all nothing but specializations. 
Are they not of the same nature as the wing which unlocked the 
kingdom of the air to die birds, or even to the degenerations 
and peculiar physiological changes which made it possible for 
parasites to enter upon that hitherto inaccesdble habitat provided 
by tlic intestines of other animals ? This is in one sense uue; but 
in another it is untrue. The bird and the tapeworm, although 
clicy did conquer a nqw section of the environment, in so doing 
were as a matter of actual fact cut off front further progress. 
Theirs was only a spedalizadoii, though a large and notable one. 
The conquest of the landi however, not only did not involve 
any such limitations, but made demands upon die organism 
whieli could be and in some groups were mcc by further changes 
of a definitely progressive nature.* Tempcracure-regtilation, for 

cKvpruu. k h only fiir to however, tkn thk view ii nill highly jpccubuve, 
aiid that in any cmc wc would pt«unie Ehas a rebtivcly umpccolajed larval 
type would have $crvcd the new starting-poim. 

* Morley Robens (1910, 1930, etc,) givLi iiiuiieiota inicTetflng examples in 
which new and in a sense abnouTLil denunds upon orgarusem t^^dt cverutuUy 
m adjii5tinriiE3 which ate more or lea adapdvc in rclaticin to the new situadoti. 
Uii&irmiiarely he pouulates a tiarmumkin of modihcatioiu whicIi 

vUlircs or obscmci iiiiich of his L-volutionary dUomion. 
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instaacc, could never have arCsen dirongh natural selection except 
in an cnvironmcnc with rapidly-changing ttmperatarcs: in the 
less changeable waten of the sea the prcmiino upon it would 
not bo high enough/ The saiiic is true for €drydicr$ny (p. 444). 

Of course a progressive advance miy eventually come to a 
dead end, as has happened with the msects, when aU the bioiogical 
possibilities inherent in the type of organization have been 
exploited. From one point of view it m^ht be permissible to 
call such a trend a long’-ran^ spedalizatiDa; but it would appear 
more reasonable to style it a form of progjiess, albeit one which 
is desdned eventually to be arreted. It is limited as opposed to 
unlimited progress. 

A word is needed here on the restricted nature of biological 
progress. We have seen that evolution may involve downward 
or bterai trends, m the shape of degjcneratioti or certain forms of 
spedalizadon, and may also leave certain types stable. Further, 
lower types may persist alongside higher, even when the lower 
are repr^entadves of a oncc-dominant group that includes the 
higher types. From this, it will first be seen, as we already men- 
rioned, that progress is not compulsory and univeisd* and 
secondly that k will not be so marked in regard to the averagic 
of biological efficiency as to its upper limit. Progress, in other 
words, can most readdy be studied by examining the upper 
hueh of biological efficiency (as determined by our criteria of 
control and independence) attained by liffi at successive periods 
of its evoludou. 

For this, during the earlier part of lifers historyp we must rely 
upon the indirect evidence of phylogeny, drawn from com¬ 
parative morphology, physiology, and embryology^ while for 
the last thousand million years this is iurther illuminated by the 
light of paleontology, with its dirca evidence of fossils. 

We have thus arrived at a definidou of cvoIudoiLary progress 
as cotisisdng in a raising of the upper level ofbiological efficiency, 
this being defined as increased control over and independence of 


* Once cvi^lycd tm land, however, it proved iu value even in the m, n 
evidcDtcd hj the nieces of the Cetam and odicT xamdiry aquadca among 
inamiiuU (i« p. 4sa}, 
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die environment.* As an ajtcniadvc we Jiiiglit define it as a 
raising of die upper level of all-round funcrionaJ ctfidciicy and 
of harmony of internal adjustment, f 

Tills brings us to a further objection which is often raised to 
the idea of progress namely, diat ir is a mere anthtoponiorphism. 
This view asserts that we judge animals as higher or lower hy 
their greater nc Ic^r rcsciiibl^cc co ourselves and tli:it we give 
die name of progress to die evolutionary trend which liappens 
to have culminated in ourselves- If we were ants^ the objectors 
continue, we should regard insects as the highest group and 
resemblance to ants as the essential basis of a ^^high organism* 
while if we were eagles onr criterion of progress would be an 
avian one. 

Even Haldane (1932U, p-153) has adopted tliis view. He writes, 
“I have been using such words as 'progress*, "advance* and 
'degeneration^ as 1 think one must in such a discussion* but I 
am well aware that such terminology represents radicr a tendency 
of man to pat himself on the back than any clear scientific diiuJc- 
ing. . . * Man of to-day is probably an CKtremely primitive and 
imperfect type of rational being- He is a worse animal dian the 

monkey. We must remember that when we speak of progress 

in Evolution we arc already leaving the rebdvcly firm groui^d 
of scicndftc objectivity for the sJiifting morass of human values." 

Tliis I would deny. Haldane has neglected to observe that 
man possesses greater power of control over nature, and lives 
in greater independence of his cnviromiicnt than any monkey, 
Tlic use of on indued VC method of approach removes all force 
from such objections. The dchmdons of progress that we were 
able to name as a result of a survey of evolutionary ficts, though 
admittedly very gcncralp arc not subjective but objective in their 
character. That the idea of progte^ ts not an anthropomorphism 
can immediately be seen if we consider what views would be 
taken hy a philosophic tapeworm or jellyfish. Granted that such 
o^anisms could reason p tlicy would have to admit that dicy 

* Herbert Spenctt rveognifed tlw knporbiic? of inctciscd imlcpcndcucc 
z critctioRi of cvolulionary idvaiiee: see referenm* iii Nccdhajii (lyS?)^- 
t s«: abd R.W, Genrd "Organiitn* Sockty, iiid Scknce^p irfi. 

50: 340L 
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were neither rlominAuc types, nor endowed with any potetitiality 
of further advance, but that one was a degenerate blind alley, 
the other a specialisation of a primirivc type long left behind 
by more sacccssful forms of life. And the same would be equally 
true, though not so strikingly obvious, of ant or eagle* Man h 
the latest dominant type to be evolved, and this being so, we arc 
Justified in calling the trends which have led to his development 
We must, however, of course beware of subjeedvism 
and of reading human values into earlier stages of evolutionary 
progress. Human values are doubtless essentia) criteria for the 
steps of any future progress: but only biological values can have 
been operative before man appeared. 

The value of such a broad biological definition of progress 
may be illustrated by reference to a recent definition of human 
progress by Professor Gordon ChUdc (i9j6). Professor Childe, 
too, is sedung for an objective criterion for progress; but the 
criterion he adopts is increase of numbers. Quite apart from the 
logical difiiculty that increase in population must, on a finite 
earth, eventually approach a limit, it is clear that this critcrioJi 
is ac once invaiidateJ by the facts of general biology. 

There arc many more of various common plankton organisms 
than of men or of any bird or mammal. There arc in all probability 
many more houseflies than human beings, more bacteria, even 
of a single species, than of any metazoan. If we apply our ciiterioti 
of increased control and independence, we sec that it would be 
theoretically quite possible (though difficult with our present 
type of economy) to obtain progressive changes in human 
civilization w'ith an accompanying dedine in population. 

Here let me inte^ect a fljrthcr word concerning objective and 
subjective cnccria for progress. As regards human progress, it 
is dear that subjective criteria cannot and should not be ncgJcacd; 
human values and feelings must be taken into account in deriding 
on the future aims for advance. But in comparing human with 
pre-human progress, we must dearly stick to objective standards. 
1 would thus like to make a distinction between bjologtcal or 
evolutionary progress and human progress. The former is a 
biological term with an objective basis: it includes one aspect of 
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hutnan progress. Human progress, on the other hand, Im con¬ 
notations of value as well as of efficiency, subjective as well ns 
objective criteria.* 

i<c turning to biology, we may sum up as follows. Progress is 
all-round biological improvement. Sperialijation is one-sided 
biological improvement: it always involves the sacrificing of 
certain organs or functions for the greater efficiency of others. 
It is the failure to distinguish between these two types of evo¬ 
lutionary process that vitiates the generalizations of many 
biologists (e.g. Hawkins, 1936}. 

Degeneration is a form of specialization in which the tnajority 
of the somatic organs are sacrificed for greater efficiency in 
adaptation to a sedentary or a parasitic life. Locomotor organs 
dbappear, sensory and nervous systems are much reduced, and 
in parasites the digestive system may be abolished. Reproductive 
mechanisms, however, may be inordinately specialized, as in 
certain parasites. 

Besides these types of evolutionary process, we may have 
stability’, as in the jamp-shell or in ants during most of 

the Cenozoic epoch. Stable types are presumably cither extremely 
well-adapted to a permanent biological niche or Jiavc reached 
the limit of specialization or of progress possible to them. 

Finally, we may have tlic type of evolutionary trend best 
known among the Ammonites, of increasing complication 
followed by simplification. This we have already discussed in 
our section on orthogenesis. 

A possible incthud of evolutionary escape from specialization 
is afforded by changes in rate of sexual maturity' relative to 
general development, leading to treoteny or foctalitation, as 

* On thf OEber haiidp to confine the term ptsgras enrircly to huTOO aiS&iB* 
and fo cemEmt k with in prc^mnanhisiory^» do« Mirelt *939)^ 

13 m rrarirf the meaning Dfprogresi undulyp Tvbilt discottkig that of cvp|ulicHi4 
On three pagics MUretC dcjcribci or defines progren in three dJifetttii 

iNays; (i) the moral of hnnim history and pre-hatory wuuid setitn to be rhit 
**pn3gtcss in the dirartion of the apmtujil is tmpUdt iii nomia] human cfidjcaycnjt'\ 
l*rog;rP33 ill ipirituaJity in tiw finitrc be coiicdvcd in ttmu of the 

grratest sclf-rcalizjmn of the grcaiett autnber". (^} "Real ptugtes u progteu 
in childly/' k should be clear how impoitaikt k h to giw grcaEcr univL-mlity 
4 nd coDLTCtcncH to the idea of progreH by roiuidcnn^ human progrcB aa a 
3peeu| QJC of biological piagcen. 
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discussed in a previous chapter (pp. 526 ff., 555). This may 
abolish a spodaliicd adult phase and gore the opportimity for Uic 
progressive evolution of a new generalized type. 

As revealed in die succession of steps iliat have led to new 
dominant types, progress has taken diverse forms. At one stage, 
the combination of cells to form a multicellular individual, at 
another the evolution of a head; later die development of lungs, 
still later of warm blood, and finally the cnhanccmctn of itnet- 
ligcncc by speech. But all, though in curiously different ways, 
have enhanced the organism's capacities for control and for 
independence; and each has justified itself not only in immediate 
results but in die later steps which it made possible. 

We have now dealt with the fact of evolutionary progress, 
and with the philosophical and biological difficulties inherent 
in the concept. What of its nicchanism .^ It slioidd be clear that 
if natural sclccdon can account for adaptation and for long-range 
trends of specialization, it can account for progress too. Pro¬ 
gressive changes have obviously given their owners advantages 
whidi have enabled them to become dominant. Sometimes it 
may have needed a climatic revolution to give the progressive 
change foil play, as seems to have been tlic case at the end of the 
Cretaceous with the mammal-rcpcilc differential of advantage; 
but when it came, the advantage had very large results—whole¬ 
sale extinctions on the one hand, wholesale radiation of new 
types on the other. It seems to be a general characteristic of 
evolution diat i») each epoch a minority of stocks give rise to the 
majority in the next phase, while conversely the majority of die 
rest become extinguished or arc rcdaced tn numbers. 

There is no more need to postulate an dJa/i t/itnt or a guiding 
purpose CO account for cvolucionary progress than to account 
for adaptation, for degeneration or any other fonu of speciali¬ 
zation.* 

One point is of importance. Although we can quite correctly 
speak of evolutionary progress as a biological fact, this progress 

* A imal] minorky of bkilosisu, lut'h ai firouin (ijijj). still iinpfllod 
lo invoice "ipirituiL R> acrcHinC fgr pn){(rcuJvL- L-vuliitiuli, but thfir 

tiunibct b decTCtfirft the inipjii:3tk}ii! uf itindcru si.'lei:uiin an: jjraspt-'d. 
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IS o£ a pardcubr and limiccd nature. It is, as we bave seen, an 
empiricaJ fact that evoludonary progress can only be measured 
by tbe upper level reached: for the lower levels are also retained. 
'riiis has on nunterous occasions been used as an atgumeut against 
the existence of anything which can properly be called progress ; 
but its employnient in connection is lallacious. It is on a par 
with saving that the invention of the automobile does not repre¬ 
sent an advance, because horse-drawn vehicles remain more 
convenient for certain purposes, or pack animals for certain 
localities. A prt^essive step in evolution will normally and 
probably invariably faring about the extermmation of some types 
at a lower level; but the variety of environments and of the 
available inodes of filling them is such that it is extremely 
unlikely to exterminate them all. The fact that protozoa should 
be able to exist side by side with metazoa, or a considerable 
army of the ‘'defeated” group of reptiles together with their 
mammalian "conquerors”, is not in any way surprising on 
selecdonist principles: it is to be expected. 


4. TH£ FAST couasfi OF ZVOLUTIONAItY FROCItESS 

One somewhat curious fact emerges from a survey of biological 
progress as culminatbg for the evoludonary moment m the 
dominance of Hotiut sapiens. It could apparently have pursued no 
other general course than that which it has historically followed: 
or, if it be impossible to uphold such a sweeping and universal 
negative, we may at least say that among the actual inhabitants 
of the earth, past and present, no other lines could have been 
fa k r n which would have produced speech and conceptual 
thought, the features that form the basis for man's biological 
dommance.* 

Multicellular organization was necessary to achieve the basis 
for adequate size: without triploblastic development and a blood- 
system, elaborate organizadon and further size would have been 
impossible. Among the coelomates, only the vertebrates were 
eligible as agents for unlimited progress, for only they were able 
* So u 1 ain. Awan, tkb waj Ont cmpludsoi by i^j6. 
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to acKfcve the combmadon of acrive efficiency, size; and terrc$trial 
existence on which the later stages of progress were of necessity 
based. Only in the water have die tiioUnscs achieved any great 
advance. The arthropods arc not only hampered by their necessity 
for niDuidng; bur their laud representatives, as was first pointed 
one by Krogh, arc restricted by their tracheal respiration to very 
small size. They are therefore also restricted to cold-bloodedness 
and to a reliance on instinctive behaviour (see discussion in 
Wells, Huxley and WcUs, Book 5, chap. 5, § 7). Lungs 

were one neerlful precursor of intelligence. Warm blood was 
anodicr^ since only with a constant intertial enviremment could 
die brain achieve stability and regularity for its finer functions. 
This limits us to birds and mammals as bearers of die torch of 
progress. But birds were ruled out by their depriving themselves 
of potential hands in favour of actual wings, and perhaps also by 
the restriction of their size made necessary in the interests of flight. 

Remain the mammals. During die Tertiary epoch* most 
mammalian lines cut themselves off from the possibility of 
ultiniatc progress by concentrating on immediate spccializarion. 
A horse or a lion is armoured against progress by die very 
efficiency of its Hmbs and teeth and seme of smell: it is a Uinited 
piece of organic machinery. As Elliot Smith has so fully set 
forth* the penultimate steps in the development of our human 
intelligence could never have been taken except in arboreal 
ancestors* in whom the forclimb could be converted into a hand» 
and sight inevitably became die dominant sense in place of smell* 
But, for the ultimate step^ it was necessary for the antliropoid 
to descend from the trees before he could become man. This 
meant the final liberation of the hand, and also placed the evolving 
creature in a more varied environment, in which a higher 
premium was placed upon intelligence* Furdicr^ the foetalizaEion 
necessary for a prolonged period of learning could only have 
occurred in a monotocous species (pp. 525^ 555; Haldane, 19324, 
p. 124; Spence and Yerkes, 193?)- Weidcnreich (1941) main¬ 
tains that the attainment of the erect posture was a necessary 
prerequisite for die final stages in human cerebral evolution. 

The last step yet taken in evolutionary progress, and die only 


EVOLUTrONAItY PftOCtlFSS 


571 


one CO hold out the prouiise of ujilijiiiEed (or indeed of any 
fiirther) progrc$5 in the evolutionary future* is the de^ce of 
intelligeucc which involves true speech aiid conceptiid thought: 
and it is found exclusively in man. This, however, could only 
arise in a nionorocous mammal of terrestrial hahitp but arboreal 
for most of its matiunalian ancestry* Ah other known groups of 
amuiabp excepe die ancestral line of this kind of maminal. are 
ruled out. Conceptual thought is not merely found c’^clusivcly 
in man: it could not have been evolved on earth except in man. 

Evolution is thus seen as a series of blind alleys. Some are 
extremely short—those leading to new genera and spcdcs that 
either rernain stable or become extinct. Others are longer—the 
tines of adaprivc radiation within a group such as a class or sub¬ 
class, which run for tens of millions of years bcftJtc coming up 
against their temiiml blank wail Others are still longer—^the 
lines that have in the past led to the development of the major 
phyla and their highest representatives; their course is to be 
reckoned not in tens but in hundreds of millions of years* But 
all in the long run have terminated blindly* That of the cchrno- 
dermSp for instance* reached its climax before ihe end of the 
Mesozoic. For the arthropods, represented by their highest 
group, the inseers, the hill stop seems to have come in the early 
Cenozoic: even, the ants and bees have made no advance since 
the Ohgoccnc. For the birds, the Miocene marked die end; for 
the mammals, die Pliocene. 

Only along one single line is progress and its future possibihty 
being continued—the Une of man. If man were wip^ out, it 
is in the highest degree improbable that the step to concepEual 
thought would again be taken, even by liis nearest km. In the 
ten or twenty million yeats since his ancestral stock branched off 
from the rest of the anthropoids, these relatives of his have been 
forced into their own lines of specialization, and have quite left 
behind dicin that more generalized stage &om which a conscious 
ihinking creature could develop. Although the reversibility of 
evolution is not an impossibility per sc, it is probably an actual 
impossibiiity in a world of competing tj^pes. Man might con¬ 
ceivably cause the capacity for speech and thought to develop by 
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long 2nd intensive selection in the progeny of chitnpanzecs or 
goiilks; but Nanire, tt seems certain, could never do so. 

One of the concomitants of organic progress has been the 
progressive cutting down of the possible modes of further 
progress, until now, after a thousand or fifteen hundred million 
years of evolution, progress hangs on but a single thccadi That 
thread is the human germ-plasm. As ViUiers de I'lsle-Adam 
wrote in VEve Future, “L’Honunc . . , seul, dans t’univers, 
n*esi pas Bni/’ 

j. PROGRESS IN THE EVOlUTlONAllY FtmrM 

What of the future ? In the past, every major step in evolutionary 
progress has been followed by an outburst of change. For one 
thing the familiar possibilities of adaptive radiadon may t>c 
exploited anew by a number of &C3h types whidi dominate or 
extinguish the older dispensadon by the aid of the new piece of 
organic iiiachinery which they possess. Or, when the progressive 
step has opened up new envitoninctital realms, as was the case 
wdth lungs and the shdied egg. these are conquered and peopled; 
or the fundamental progressive mechanism may iisclfbe improved, 
as was the case with temperature-regulation or the pre-natal 
care of the young in mammals. 

Conscious and conceptual thought is the latest step in life’s 
progress. It is, in die pctspccdve of evoludon, a very recent one, 
having been taken perhaps only one or cwo and certainly less 
than ten million yms ago. Although already it has been the 
cause of many and radical changes, its maid ed^ts are indubitably 
sdll to come. What will they be? Prophetic phantasy is a danger¬ 
ous pasdme for a scientist, and 1 do not propose to indulge it 
lierc. But at least we can exclude certain possibilidcs. Man, we 
can be certain, is not within any near future destined to break 
up into separate radiadi^ lines. For the first time in evoludon, a 
new major step in biological progress will produce but a single 
species. The genedc variety achieved elsewhere by radiating 
divergence will with us depend primarily upon crossing and 
recombinadon (see Huxley, 1940}. 
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We can also set limits to the extension of his range. For the 
planet which he Inhabits is limited, and adventures to other 
planets or other stare arc possibilities for the remote future only. 

During historic tunes, all or almost all of the Increase In man’s 
control over nature have been tion-genetic, owing to his exploita¬ 
tion of his biobgically unique capacity for tradition, whereby 
he is provided with a modificational substitute for genetic diange. 
The realization of the possibilities thus available will continue 
to play a major part in human evolution for a very long period, 
and may contribute largely to human progress. 

More basic, however, ^ough much slower in operanon, are 
changes in the genetic constitution of the spodes, and it Is evident 
that the main part of any large genetic change in the biologically 
near future must then be sought in the improvement of the 
fundamental basis of human dominance—the feeling, thinking 
brain, and die most important aspect of such advance will be 
increased intelligence, which, as A. Huxley (r937. P> ^<^5) has 
stressed, implies greater disinterestedness and fuller control of 
emotional impulse.'* 

First, let us remind ourselves that, as we have already set forth 
(p. 4.82), we with ouF human type of society must give up any 
hope of developing such altruistic instincts as those of the sodal 
insects. It would be more correct to say that this is tnipossible 
so long as our species continue in its present reproductive habits. 
If we were to adopt the system advocated by Muller (1936) and 
Brewer (1937), of separating the two functions of sex—love 
and reproduction—and using the gametes of a few highly 
endowed males to sire all the next generation, or if we could 
discover how to implement the suggestion of Haldane in his 
Daedalus and reproduce our species solely from selected germinal 
tissue-cultures, then all kinds of new possibilities would emerge. 
True castes might be developed, and some at least of them 
might he endowed with altruistic and communal impulses. 
In any case, as A. Huxley {1937) points out in an interesting 

* Of emme greai iamua in man*s conmal and independence of hh 
cnviranincnt may be produced by the hmn utiiizadoD of hii exuting n^podtio 
(■« t.g. G+ H. IbocnKKJ, 1936); buc Ehese rcpTOcnt mpdificatiooip hoc geiwdc 

diacga. 
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discussion, progress (or, [ would prefer to say, future human 
progress) is dependent on an increase of intraspedficco-operatioti 
until it preponderates over intraspedfic compedtioa, 

Meanwlitlc there are many obvious ways in which die brain's 
level of pcrfbnnance could be genetically raised—^in acuteness 
of perception, memory, synthetic grasp and intuition, analytic 
capacity, mental energy, creative power, balance, and judgment. 
If for all these attributes of mind the average of our population 
could be raised to the level now attained by the best endowed 
tcn-<housandth or even thousandth, that alone would be of far- 
reaching evolutionary signiEcance. Nor is there any reason to 
suppose that such quandtauve increase could not be pushed 
beyond its present upper limits. 

Further, there are other feculdcs, the hare existence of which 
is as yet scarcely established: and these too might be developed 
until they were as commonly distributed as, say, musical or 
tiiathemacical gifts are to-day. I refer to telepathy and other 
extra-sensory aedvides of mind, which the painstaking work of 
Rhine (iJIJS), Tyrrell (1935), and others is now forcing upon the 
scientific world as a subject demanding close analysis. 

If this were so, it would be in a sense only a continuadon of a 
process that has already been at work—the utilization by man for 
his own ends of liidicrto useless by-products of his mental 
consdtudon. The earlier members of the Honiinidae can have 
bad little use for the higlier tangies of aesthede creation or appre- 
ciadou, for mathematics or pure inteUectual construction. Yet 
to-day these play a large part in human existence, and have come 
to pfissess important practical consequences as well as value in 
and for themselves. The development of telepathic knowledge 
or feeling, if it really exists, would have equally important 
consequences, practical as well as intrinsic. 

In any case, one important point should be borne in mind. 
After most of the major progressive steps taken by life in the 
past, the progressive stock has found itself handicapped by 
characcerisdcs developed in earlier phases, and has been (breed 
to modtl^' or abandon these to teaJizc die full possibilidcs of die 
new phase (sec M. Roberts, 1920, 1930, for various examples of 
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forced adjustnretit to aew condidotis, but with the caveat diat 
some arc highJy speculative, and that all are presented in a 
lamarckian frame of reference which often obscarcs their true 
significance). This evolutionary fact is perhaps most obvious in 
relation to the vertebrates* emergence from water on to land. 
But it applies in other cases too. The homothenny of mammals 
demanded the scrapping of scales and the substitution of hair; 
man's erect posture brought with it a number of anatomical 
inconveniences. But man's step to conscious thought is perhaps 
more radical in this respect than any other. 

By means of this new gift, man has discovered how to grow 
food instead of hunting it, and to substitute eKCraneous sources 
of power for that derived from his own muscles. And for the 
satisfaction of a few instincts, he has been able to substitute new 
and more complex satisfactions, in the realm of morality, pure 
intellect, aesthetics, and creative activity. 

The problem immediately poses itself whether man's muscular 
power and urges to hunting prowess may not often be a handicap 
to his new modes of control over his environment, and whether 
some of his inherited impulses and his simpler irrational satis¬ 
factions may not stand in the way of higher values and fuller 
enjoyment. The poet spoke of letting ape and tiger die. To this 
pair, the cynic later added the donkey, as more pervasive and in 
the long run more dangerous. T^e evolutionary biologist is 
tempted to ask whether the aim should not be to let the mammal 
die within us, so as the more efTectuaUy to permit the man to live. 

Here the problem of values must be ^ccd. Man difleis from 
any previous dominant type in that He can consciously fomiulate 
values. And the realization of these in relation to the priority 
determined by whatever scale of values is adopted, must accord- 
ingly be added to the criteria of biological progress, once advance 
has reached the human level. Furthermore, the introduction of 
such criteria based upon values, in addition to the simpler and 
more objective criteria of increasing control and Indcpendeticc 
which sufficed for pre-human evolution, alters the direction of 
progress, ft might perhaps be preferable to say that it alters the 
level on which progress occurs. True human progress consists in 
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bcrcascs of aesthetic^ intcUectiial, and spiritual experience and 
satis&ction. 

Of course, increase of control and of indepcudcnoe is necessary 
for the increase of these spiritual satis^cdoits; but the more or 
less measurable and objective control over and independence of 
external environment arc now merely subsidiary rncdianisms 
serving as the materml basis for the human type of progress^* 
and the redly significant control and independence apply to 
man's mental states—his control of ideas to give intellectual 
satbfactionp of form and colour or of sound to give aesthetic 
satisiacdonp his independeace of inessential stimuli and Ideas to 
give the satisfaction of mysdc detachment and inner ecstasy. 

The ordinary man, or at least the ordinary poet, philosopher, 
and theologian, is always asking himself what is the purpose of 
human life, and is anxious to discover some extraneous purpose 
to which he and humanity may conform. Some find such a 
purpose exhibited directly in revealed religious others think 
that they can uncover it from the facts of nature. One of the 
connuoncsc methods of this form of natural rehgion is to point 
to evoludon as manifesting such a purpose. The history of life, 
it is asserted p manifests guidaricc on the part of some external 
power; and the usual deduedon is that we can safely trust chat 
same power for further guidance in the future. 

I believe diis reasoning to be wholly false. The purpose 
fested in evolution, whether in adaptarioiip spccializadon, or 
biological progress, is only an apparent purpose (p. 412J. h is a? 
much a product of blind forces as is the falling of a stone to earth 
or the ebb and flow of the rides. It is we who have read purpose 
into evoludon p as earlier men projected wiU and emotion into 
inorganic phenomciia like storm or earthquake. If we wish to 
work towards a purpose for the future of maup we must formulate 
that purpose ourselves. Purposes in life arc madcp not found. 

But if we cannot discover a purpose in evolution^ we can 
discern a direction—the line of evolutionary progress. And this 
past diiecdon can serve as a guide in formulating our purpose 
for tlic future. Increase of control, increase of independence, 
increase of internal co-ordinaiion: increase of knowledge, of 
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means for co-ordimdng knowledge, of elaborateness and intensity 
of feeling—those arc trends of the most general order. If we do 
not contsnuc them m the fotorep we cannot hope that we are 
in the main line of evolutionary progress any more than could 
a sea-urchin or a tapeworm. 

As further advice to be gleaned from evolution there is the 
fact we have just discussed, that each major step in progress 
necessitates se^'apping some of the adiicvemcnts of previous 
advances. But this warning remains as general as the positive 
guidance. The precise formulation of human purpose cannot he 
decided on the basis of the past. Each step in evolutionary progress 
has brought new problems, which have had to he solved on their 
own merits; and with the new predominance of mind chat has 
come with man, life finds its new problenfis even more unfamiliar 
than usual. This last step marks a cridcaJ point in cvoiurionp and 
has brought life into situations that differ in quality from those 
to which it was earlier accustomed. 

The future of progressive evolution is the fiicurc of man. The 
future of man, if it is to be progress and not merely a standstill 
or a degeneration, must be guided by a deliberate purpose. And 
this human purpose can only be formulated in terms of the new 
attributes achieved by life in becoming human. Man. as wc have 
stressed^ is in many respects unique among animals:* his purpose 
must take account of lus unique features as well as of those he 
shares with other life. 

Human purpose and the progress based upon it must accord¬ 
ingly be formulated in terms of human values; but it must also 
take account of human needs and limitations, whether these be 
of a biological order, such as our dietary rcquircnients or our 
mode of reproduction, or o-f a human order, such as our iiitcl-' 
Icctual lirmtations or our inevitable subjection to emotional 
conBict. 

Obviously die formulation of an agreed purpose for man as 
a whole will not he easy. There have been many attempts already. 
To-day we are CJtpcticnciiig the struggle between two opposed 

* For a fuJl aiulyiu of the balq^ical pcculuxitiR of our swon iev J Juxlcy, 
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ideals—that of the sobordinatioa of the individual to the commu¬ 
nity, and that of his intriostc superiority. Another struggle still 
in, progress is between the idea of a purpose directed to a future 
Hie in a supernatural world, and one directed to progress in this 
existing world. Undl such major conflicts are resolved, humanity 
can have no single major purpose, and progress can be but fitfid 
and slow. Before progress can begin to be rapid, man must 
cease being afraid of his uniqueness, and must not continue to 
put off the responsibiiitie that are really his on to the shoulders 
of mythical g(^ or metaphysical absolutes (sec Bverett, 193^)'* 

But let us not forget that it is possible for progress to be 
achieved. After the disillusionnient of the early twentieth century 
it has become as fashionable to deny the eitistcnce of progress 
and to brand the Idea of it as a human illusion, as it was fashion¬ 
able in the opdmism of the nineteenth century to proclaim not 
only its existence but its inevitability. The truth is between the 
two extremes. Progress is a major fact of past evolution; but it 
is limited to a few selected stoclu. It may continue in the future, 
but it is not inevitable; man, by now become the trustee of 
evolution, must work and plan if he is to achieve further progress 
for himself and so for life. 

This limited and contingent progress is very different from the 
deus ex machitia of nineteenth-century thou^t, and our optiinism 
may well be tempered by reflection on the diihcultics to be 
overcome. None the less, the demonstration of the existence of 
a general trend which can, legitimately be called progress, and 
the deflaidon of its Umitadons, wUl remain as a fundamental 
contribution of evoludonary biology to httman thought. 

• S« slfo Huilcj, 1^3, EiMa (Honuaei Lettwe) Univcniiy 

Pros, Oxford. 
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71 n. 

efiects of, 119 
Ves^g^ orgam, 453, 530 
Viability^ 190 
VitaibiKi, 4^5 
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Austialu^ fiima o£^ 1^4, 490 o-* 491 
J 13 
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AxcLptl. 537 


Babb^p 461 
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T31, 30t 

IriotogicaJ diilcceritiaiion in, J02 
Batuhtf^, 50f7 
BcHis, 435 
BaZoic^/dsnj, 

Baham^ 107 
Baluchitlicm, 491«498 
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Bacip 43J, 490 
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BccHiTchis, 4 77 
Bcc^ 220 

Beetlcp bdyhini 54!, 549 
Becdo, 298.299, 53fiv S4t 
Be&^b^atfafr, 2^ 

3C11 

JScr/niid, 439 
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gcDcdc tanicacK in, 31a 
ni^ finifadnf] tiw 424 
of prey , 424 
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lubwecbboo in. T7A 
BuacnVd Idmipald, 337 
BiErenweet^ 277 
Bladcbpry, 334 

Bbfkbiidp 266. 290, jod* 307^ 309 
Blackcap, 306^ 307 
Bhfkcoo^p icSp 289 
Bladdcr-cunpkm, 2dd, 268 
Bbdkict^wortii, 465 
Bligbt, 198 
Bluebell. 514 


Bbomud erlmane, 95 
BHirmid i^anio/d^ 95*470 
246 

BombiPtofBr, 246 
Bambvs, 214 

Bbffiibyx 4wrcmp 293 
139 n. 

Bnicbaopoda, 508^ 557 
Braebysn^p 439 
Bfacken, 517 
Braptblo, 351 
Brautfdf 350 
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Bmtui hsertms, 27 j 
I Broofii, 277 
Bnjch Etnkey^ 255 
Bryophytip i|3 
Bujmtrm, 199* 242 

199,, 242 

Bodgerigax, 307 
BumlQ, i92p 2x4, 218 
fsivkrif 253 
wwdhemi, 253 
i&Qt 2O7 

Btihmis ill 

BuUBcdip 247+ 254^ 38 Ip 327 
BuTitiD^, reed, 278 
yelldw^ireakcd, 444 
Bumetp 293 

345 

Buib^by, 42S 
Bustard, ^reatp 416 
Bmim ,355 

Aitn bcHTdfiJ^ 252 
Bkufd hMetf, 283 
i Bu(n ^ilap^aisk, 310 
I Biitrepcupp 199 
Bureeidk$« 74 d., ^ 262 
blue, 283+ 290 
mimicry in, 122 
wfaire^ 5it 

flottciiy, Aniiwan Cknukd Yellow, 

98 

bwk-cye, 244 
ctmuiu, 445 
Small copper, 217 
Swdbwt^ 191,217^ 225 p 278 
WhiM AdoiinL 233 
Buxaaid, 2S1, 310 

Cabbage, 347, 350 

Cabbage-nduh hybrid, i4tp 347 
Gid^jpurj, 32d 
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Gi/Jjpiminu, 191 
O/fdjmfiTVj ffutmi, 7^7 
OunorhynihuSf jwi 
Cmirtp 3 

Cdmrlbu tl5 
Compairtia bifiadAtA^ 399 
Canipbo, 142 
Cwury. 3flj 
Caii3<^w> 394 p 503» SJ9 
Ce»irtdf» 351 

htpus, 340 
346 

C^Kita huftap^^, 347 
(X£idm£d/ij, J47 
Carabm graimlaius^ 

CatditiSJitomUh 

Carsbtu nemardfii^ 3o6, 35St J14 

fJ^wwAumtjf 2^t 306 

187II'. 194. 

290 

CdndufKj jlarfantts, 1I3» 390 

266 

Caribou* 371 
Camivornp 490 
CaryopKylliccaCt lo] 

Ca£$owuy^ 476 
CkfUdritJiSk 47S 
Cat. tO^ 

SiaoiCTCj ti4* 341^ 

C«£dii!nfni/p 540 
Catfish, Nile* 413 

CatuaiU ofvMsii, 

Cavc^bnn, 50& 

Cdvid, SOI 

Cedar ^Lebancm. 43,8 
Gsdhu tibmi, 438 
Cflandincp Lhscf, tta 
Cinuurtd^ 347^ 

Qnl^urf^ HAitm/u. 441 

pjMM, aoi, 510^, 3J2, 516 
Cqmu lvrtc3tjfi, 99 p 16I. %PU 5^^ 
Crpord MAHdmUii. 99, 16] * 29if 31A 
Cnmbyddac, 298 
CcnopithffCMJ wnd, 247 
Cenx^njtheau p^yAiomof. 247 
CfTtkia braekyd^aYU, 24Sp 3dA 

CplMd/dfi^/uvi;, 243 
CbtUiM, 326 
Ccrvidae. 541 

Cmnu tUphus, J2li 22S1. 537 
Cctaoea* 24D 

Cha^Dch* iB3p |06, 307* J09 


Qiakvilicra, 491 
duTp 177* iSq, 331 
Chat* E91 
Chekmia, JOJ 
Chickadee. iBc^, 270 
Chkkwccd. 517 
ChtfflrhafTp 378. 289, 306* 307 
Chimpaiixce* 53 

iijpierwfi, 43J 
CUbrii JckLriSt 3 dA 
51A 

Chys^ilh€rmm^ 348 
Chryjdfdplrjif dmAentiiv . 66 
Chystmphahis jtwdHtiiV 299 
Chub, 348 

Cud^ind jflD^/fp 313 

Cidilidi, 324^ 493 

Ckboricaci, 377 

CilkceSp 84 
Ondui, 434 
Cvmym nMngcrtfifp 371 

Cumyrif armdnwj, 272 
Ciscoi, 178 
Cutold. 176* 289 
Ckuiitidp 448 
Clauitla bidenidta^ 246 
CJbiaiAj dy»Jd. 240 
CkiihriofUM/f. 118 

118 

C^ypevid jMkhspi, 197 
Cob-^aiudopc, 234 
CxatKlliiae^ 22 o> 

Cw«tih^iSi£i ^Bl 

Cmu psewdbm^^/idnMi^ 471 
Cockchafer* 312 

CodcDKecabo* number of species. £98 
Oiatba, 184, 201 
mchiiisiiit 

CfKiThd jiamU, 94 n. 

Caitptes, 161* 250 
CdJ^ets mffoim, 288 
Coteopun, ses-dleKmiii^^ in, [49 
C^iOi, 316 

Cb/i^ ^iTcpdicv. 98* HT 
Cohomc «iuf, 3x0 
Ccunporitaet 205 
Omipttus, 34I 
251 

(^adAr^fdrrvJkr, 444 
Coralv SjA 
Cbr^^vfoa* 178 

CoiiMae* 468 
Cormorant, 310 

fligM^i 243 


* 
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CO'n^ac^ 2.11 
Cmw, 248-^, S &2 
Cwvvs hf^^ymhos, 380 
Cowiif citr^ yaius^ 36a 
Cbriw/ 0j:n/rd|^, j 8 o 
CMavK 34, 70. 77. tv$, 1izS, 34*, 
437. 333 
Cowrirt, 177 
Cowslip, J75 
C'nxm^j, 191 
O^df^uj, 2 ^, 351 
CrefNidni^ 490 

CftpU, 13«. 13?. 147. 3St>.331p 33<^P 3^*i 
spccuicon in, 374 If, 

O'jrt'/HJ iritriUK loj 
Crickets^ 3^9 
Cr&ada iftj 

Crossbill. 181 
Cfnw^ 24£, j 5 Jh 4 DJ 
Cnicifcn, J46 
Cnu&uXa, 84^ S5, 559 
number of spccin, [6A 
pnadapudon in, 453 
Ctypu^miu^ 4<57 
Cuckoo, 101, 309. 3 $E 
egg-tnitnicry in, 451 
Ctickoo-pinr, 439 

QuoiltiS iamruif 309 
CttUx pipiens, 319 
Curkw, ^|| 

Cuntefub, 416 
Cyibpff, SJ7 

ponWMifl/d, 471 
Cyfkne pfrtsu, 39^ 

CynipiiiieH, 2 * 3 + 14 ^ 

Cynipiy 299 
CypMt dtniaius^ 368 n. 

CypratUx, 177 

Cypriziodonta, $cic-<ictcrmirutK>ii in* 
14» 

Cjrtijia j^ojMHiusp 277 


Daffodil, 438 
Dufrlu, 144 
£Wr?i4 merddi, 349 
Dandclkni^ 120+ 166 ^ 477 

Dapknia Icfipispmi, pro^dip^itlbn in, 
52, 6 q 
D uAf/dp 90 

D^iluri] sOKFiwniuifx, §9^ 198, 329 

DccTp 4S4 
red. I2E« 223« 337 


Drer-moiBep ^4. 176, [82. zpt^ 294 
DriirliM iir^ihr, 279 
247 

ZXiMili^o'd, jjo 
Dingo. 82 
Dinosiun, 44 ^, 3Jo6 
Pipnai, 544 
DijpddpHtEJ^ 176, 423 
Dipper. 431 

iHi/tfidft 3t4 

Dipirrj, 142 

115. 307+306. 539 
ailoitictry in. 539 
deminaiTt cturactci? bi^ 82 

St- Bernard, 7t 

D^flffdXp $2D 

Dnpmididx., 183. 324. 457 
476 

Dr&i&pkilj, 47p 48 n., Jo, 5ti 5=. 3J- 
35. 63. 64, 67. 69, 74. 7S. *0. 

85, 89, 90, 91, 92. 115. 117. 

119, 120^ 121, i33p 138* T45* 14*. 
132, lio. 206, 288. 291* 292, 330, 
33ti 356^ 357 ff. 395. 396. 419. 
43E. 4S3. 439. 4«E. 5^0, 511, jl2. 

su, 533. 345 

Dr&s^kila^ specbiion in, 3S7 a 
wifd vjmocc in. 75 
Dresfiphitd dnierrOtUd^ 358, 367 
OKosepAiTd/undinx, 191,235, 314. 4J6 
Dfdiif^AiTj] kydri, 33, 61^ 370 

Drcftfphik liM /dflf^dJVcT, 08, 70, 7t n. 
72+ 73 II., 97. 113, ifij, 199 f 303* 
3M. 113*3^^3 

ffliVdrtdrf. 93 

Drmi^phila 70 , 

Drcs&pfuia pieudcmtjHiiFd, 60, 93, 1A2, 
1^, 288. 323. jjj* 339. 3^4. 369. 

40s 

DrosdpAild simuldfii. 72. 162. 333, 3 S3 
Drd»p/h7a yinfis, 76, 338, 367 
DryM dfidprfd/dp 517 
Drydfedfi-s md/or, 280. 445 
Dlypfrdtes muTcirp. 280 
Dr^iihifej /wInTJifrfl^* 280 
Or>f!^Crj vittiifjii, 2K0 
ntikYOfA, 377* 57i 
Duck, 146 lu, 240, 292^ 516 
Itcaiii&r, 285 
tufird, 239 

Ecbinndcrins. 172^ 521 
immber of sfjcdcs^ 16B 
f^ih^^;4imnidriLr. 328 
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BdbJuifl nJjdrr, 107 
Edelwcm^ JI 74 
Edctirartfv 490 
Egret, Uflcr, 43.3 

42s 

Wg/djdunif, 505 
El 3 imobnDcb«, S+4 
ElcptuiA[s]t 173, 4 ^x 490 . 4 S» 9 i 3^1 
pigmy, ill 
£lk, Irtlli. 54E 
E 3 iti*+ 317 

Ettbflizf jwa!d^ 444 

ditsutlA, 306, 309 
Einbefixa jdwmkhlmi 27^ 

Ernnim, 345 
JSmo, 47 <S 
Enagraitijf 337 
ErKyrtMs irfeUx^ 4 ^R 

iiii(gdltf> 433 
^iwsfUp ill 

kuknUUA, 6S, jaa, 450 

349 

^nmseha 41S 

EqtiiltticW^ 433 

E^ms burdbe/Jt, 117 
Efibi^ 176, iBl 
ErtmophildJUva, 445 
Erka cmerta^ tj 9 
Efim 17S 
Enthaaii 36, 306, 309 

Ennine madi,i97 
&i 3 plul 4 vtma^ 33^ 

EwmAUi mdcriffoiiUk |20 
Euphrasid, iBi 
Buiyptcridi* 3^0 
EjHKMtidiCk 54^ 

Hycbiiglic, iSa 


J^dlciii ^luttibdriuj, ilo, ila 
Fdib peri^piwjp aSo, aSa 
Faia rusficohii, aai 
Faim afla 

Fo/ci^ <wumvlwjp iBai |ia 
j^okofi, a^ 

FeHdac, 421 

Feiii pardishiy aii 
i^/iin^duTUMip 303 
Fe^ 13 . 5 S. »S« 
FiodlcKfab, 34E 
Fickl-Eiiouie, 433 
1^-Uilcd, 190, 371 
FiHptn^tla hcxf^idHt 44^ 


Eveccefl, a^o 
Fub, 146 lu 

diJ^EcfAicutijDa aod habk^ 141 
subipedatioQ, 177 
Fbuningp, 3^ 

F1at£ithea, aryomutiy of, 436 
Flkkcr, 16I, 330+ 253» 2II, 354, 403 
FlucOiUp 43B 
Ply, 14S 

Flycabdicr, laii 310 
£]0Ujied,aB4 
2B4 

Flyiiig^&lii 34^ 

Fool's panley, ITS 
Fonminilci^ 40A 
Fowl 53, 35 ^ 

Barred Plymouth Rx>d^ 430 
dominanrr in, 7a 
domimui duraOcfii in. Si 
frisied, 63.76, iiS, 190, 11$ 
Rhode Red, 430 
Whioe LegboTTip 430 
FojCp97. 103,111,317 
Axktk^ loj, i 6 t 
bkok^ 1B5 
red, 103, iSj 
reUtive ^-aizc^ ii| 
liiver, 1S5 

Prmtrmk ardtfd, iia 
Prir^lk iMietf, iS 3 p JOfi, loS 
OMdrimtit, 155 

leyd», 135 
Ffitmaita, 339 m 

E 4 id!kryi ertaiyi duemarions in, 1 li 
bcatb, 195 
Fm«, 333 - 4 * 9 i 4 JS 
reUtivt iii 

ptukHlave, JS5 
Frujuuel« Idfitel, 315 
FiiAiwm^idddif, 117.443 
fmlrfluj, 544 
Pimgip 307 


, 44a 

Gd^hheciOp 423 

34! 

Cfk^sis spfdtm^ 341 

(efrshil, 34^1 l^A 
Gakfi^, 19a, az5, 2^4 
Giiktida friimt, 113. %H* 443 
Oilmdd ihtjydc, ai 5 i ^^4 
GaJiunit, 121, J7S 
Gdaxm SX£iik, 271 
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CdiuRn 273 

C<tJft>u^^ 240 
GaU-wup, $4^ 

GapiifiJr™, 4!;i3 

CdMmdnii, 70, 75, 5^^^ 533 
wild 73 

CdifQiutw duvreuxi^ 511 
Gmmmis itiibtnK ^79 

CdRipunU tigririSiS , 314 

CanuNtru/ zaddacku JI5 
Garmhis^ E76, 179 
Gastitipods^ 54J 
GcwunUp 318 , 1^4 

Gcntiui. I 77 t 373 * iU 
Gentima ihuit, 273 
GmAi^ ^73 
CmtAdruf iirltir, 177 
Gmpbiif, 33d 
Gctspid^C, 343, 39a, 335^ 3^i| 
^G^an£um« 38c 
Gfrrh^ulw^ II4 
Gipcy-oiotht 191, 43d 
Ginfiep 421 
Glaiswoit, 376 
Clf£k 3 tftdp id 8 
Glciffufd ffwrdMu, 44^ 

Olaisata palp^U^ 440 
Gfiufind fuitwffLidfv, 439 n. 

G^ptjd^ 440 

Glypia hofsitaiorf 435 
Goat, 319 
317 

Gobio, 32J 
Gakk^r^p 194, 290 
Goldfinch^ 187 194, 38 ip 390^ 307 

GqoKi HaWaikla^ 411 
mow, 184 
Gcsh^wkt 3A8 

CktS$rpiurrt, Hi, llfl^ 328 , J33 
GouypiuJTi Q^tnwfi, 78» 346 
batbadciw, 77, 3411 
Guj>piwfx jifrAKiHii, 77 

Gosi^fiiitt ihttfftrn p 3^ 

GrackLc, 35 Ep 193 

G«pc* 3 i 4 

Grattv codtifoot, 276 
TiM, 141 

Giuift, loE, 337 

Gnabeppcrp 99, 303 i 3 S 3 :, 311, 431^ 
47 J. 3 id 
fiiglitk», 303 
Gwafiikcfa. 306 
GfauTKMWtw^, 343, 390, 326 
Girodtiil-iloihip 490 


Cfow, 437 

Gimtsc^ TO^ iTd. IVd, 3 ddi 37 I< 37 $, 

W. 51 1 

shatp-^CliJi^p 219 
wUIdw, 196^ 27U 393 
Grouso-looiiE^ 99 .471 
Ctyphata, 489, 506, joSp 509, 514, 
5 i 3 iLpil 7 

CuHknuit, 105, idi, 317 
Giiiivar-pig^, jDi, 5J0 

GulJ, colondon lup 5EI 
lu™iifg, 244 
Icucr ^ck-hacked, 244 
Gynuioipemu. absence of palypUiiJY 
in* 143 

Gyrfakou, 221 
GyrimSf 247 

Haancbeea amflopei, bybrid^^u 
in. m 

HahnhfoiiNt, {49 

508 

Hacimer, 33,103 
Hare, 246, 266, 271 
Qommofip 246, add, 271 
nimmcain, 24^, 3 ddw 371 
Ikmanil axyriiiiSt 314 
Hawfinch, 2 B] 

Hawk, 1D3 
led-niledp 352, 353 
Hawk^'inolh^ spurge, [33, 3II 
Hawkwttd, 277 i 334 - 351 # 15 d 
Hawthorn, 39dp 331 
Heath bm, 201 
Kf*f,j33, 353, 393 
Hed^cho^, 490 
Hiiutnditmim, lol 
Heliosaitmi gmnhiarms^ 192 
Hriix aspira, 320 
HeikhaEc, 447 

Helkhonisfoehdlsts^ 447 
Hiimtmifftfit, aSip 286 
HoaflVnuififj wjHfr 544 

J^cinipcera, scxMJeteitnuudui^ in, 1491.^ 

170 

Hntiipju pk 4 AMS, 413 
Hnrkom'dp 276 
Heen[HfKttk, 341 
HniiaTumii, 223 
Mi 0 dts, 217,123 
HfAkji pkhivs^ 217 
Hrpmtiss, 29a 
Heron, 103, 443 
Louhiana, 423 
Herring, 177 
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Betci^nierd 30& 

HttCTOpfrn, n. 3?w 

32j 

HiVoouin. 334^ 377 

urnMl&itm, 277 
I^pperion, 502 

Himdipc^ 335 
Hinmda mttita, 279. 311 
Hobby, 2I2 

HdfiMr pifuni&TirAidJnf^p 3J4 

Hooey-bra^ szo 
Hof3cy-buz2:)[d, 223 
HomhUlp iiSp 536 
Hornets^ 312 

Honc[s]. 32, 173, 396, 41a. 492. JOI. 
314,S3<i 

in Nc^ 2 Scodap iii 
ta.tc of cvolunoii iHk 6% n. 
HDtse-<li]Knm« 341 
Horso-biis, 455 
Houk-wtos, 181 
Hovtfifly, 32J 
Humimag-bird, 232^ 416 
Hyacintti. 43R 
Hydratuiisa trialar, 423 
Hydhxyfli, 324 
Hyena, l8j. 545 
HYituncetphahis 177 

Hymcnoptcra, Kx-dctciminatipn 

149 

social, 74^96 

Social, and Lamarckiani^ 461 
HypfTuwm, jja 
Hypiilbmaj Aihius, ^Ot 
Hyponomfuia, 29S 
Hyppnimfuta piidtila^ 297 

iBfrvilkd 442 

Ichncumoo-dy, 485 
Icbtfayonuiia, 5*5 
fctrmj ^d/hf!d, 305 
Jftenyv, 54S 

Iff^nciffir Jwft'Hfic-WBjperif, 107 
bixctividrc), mbspedatlafi in, 239 
Insects, fl^tkstiess iiip 453 
number of species in, 

XKial, sckolon iop 43k 4aOp 482 
types of tpedatBdn 322 
Iff. 43t 
ifif, 224 


Jaguafp 28] 

}iy, 176* I 79 i 1*0 


Jinisop weed, 89^ 198 
Jirdp 213 

Jii^ims fiigrs, 437 
JttHCa^ 24I 
JWKUSf eo8 
Jtowfua Idi^Fitidp 244 

Kangaroo, 492 
tree* 448 

Kangaroo rat, 176 
Kestrel, iSa, 310 
KingfkbcT, 424 
Krupwpedt 258* 441 
Koakp 2B3 
234 

tabyiimhoddinti, 504 
La£eTi 4 mwaliSf 293 
iMeriJS finr/d, 2OO 
L^ahrfmthfSi, 189 

Lsftma, 377 

Lady-bmk[s]« 2E0. 2t4, 220 
Lady's mamtep it 56 
Lagopus iitgapui, ij 6 ^ 196^ 293 
L^puS nnfui, 11 ip 266 

iCflfi’rtUt iTdt 19^, 2*Sp 293 
La!^ euffa^ I99 
L^iuMr E08 
Lampreyp 2B2, 315 
IjmpF^ihs^ 328 
Lamp-^sb^ 5^7 
LaEbd-uuibp 223 i 232p 242, 543 
Land^rtobes, 242 
LmiW, 225 
LdFtEUf miJii/iep 23a 
Ldniur iMd^tndmm, 23d, 238 

Lapwingp 4 SJ 

Larkp Clot-bey^s« 422 
crcjtcdl tgi. 2lj. jS+, 445 
desert, 462 
ihore, 445 
Lono m^idtas^ 244 
ftisaa, 244 
LditHf 323 
Lutes, 3 i 4 
Leaf-hopper, 312 
Lrtiffrj, 99 

Lemniinj;, {Ij-mmis), in, 114 
Lcinnr, 422 
flying, 423 
Lemuroida. 515 

Lepidoptcia, and green pgment, J17 
Lc^ifNViTtifmp 3 SI 
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ameruatui^ I IT 
L^Ui ntfopOtui^ 3461 266 
L^s afttfiiij, 246,26A 
Lrufir^rih)'^^ 17? 

Lni;rirfil!t^ itfttdh etM 11. 

Ltui&imia hieoi&iSy 
Lire. 305 
UOtm^ 30 
L/mfKtnV, 353. 

Umiiifa /fftumfUCt, ij6 

17^ 

XiiRTiiniiiM tj6 

i>v|^dir. 276 

LiinpcE. 319 

Lmufift j|wrfd, 43H 
UttjiiuiM, ioj* 557, iiS? 

Limwt« 266, 306 

£i/(i3Fm^ 133 

liuni, 200, Z14, 132, 2I3 

303 

Lobdia^ zji 

MtnD\ 41% 

fjihtpiuvut tfulaborue^ 4$ I 
Lam^ULlk msvh, 306 
Lali^^ 419 
Lr>Rtfr/»<i{i, 4&7 
Lon^Om bc^s. jZJ 

LooKitTifc, 53 
[jfpiucef0s 428 

Loph^fwvs ^ 

Lpphprina iuptmi, 423 

LoricaiiiiUc, jq3 

Loii 9 Cp 3 C ^5 

LA^rid iwt'trtOm, 281 

Lucanubtr, 537* 541 

Lucerne^ 342 

ibisfMid 24^ 

LuscMid jHT/dFfijwAu, 246 
Lfbim, 193 . 5S' 

£.ytAu tfir^UAtui, 193 
LyfdPTd ci?rydo§t, 385 
Lycjtna t^lu. 28 j 
Lyi«nidac^ iSo 

Lymmifia, 113, 12c. ijj, J14, 323, 

44 ^, 531 

/,/mitN/riii Jjh/R 4 ip, ri/i . 

cWftci in. 116 
L)wr^ 111 
Lyfhrum^ 53 

Madbftff, 427 
M^ftrtCi pv^ar, toz 
Afjftdnid. JO I 

Maiztp 328. lit. 3J911, 


MiLaridp 317 

Mallard. 339 

Mammalf, polymorphtsiR in, loj 
SitocEtih^ 183 
idHpcdatkio. 171^ 
tDikt-adaptatk»iSp 4^^ 

Man. 50. 39. 307 
19 dcm^iiiaiic type. 3^1 ^- 
bbod-giroup clinc? io. up 
conxbtctl tfiandten lu. 334 
evolution ofp 526 
haemophilia. 33 

populaJtioi>- 3 tryErturr. 6 i 
tctutulate cvoluikm ofi 354 
KJecdon in, 129 

UxofiDDiy pfi 4^1 
Mamccfl. 490 
MantUp 101. 4R3 

MatsPpult. 324+ 423. 4po n.+ 491 
Manin. house, 279 
$wi, 279 
Afdjtfimyj, 23B 

180 

Mayfly. 41S 
Meadowlark. 131 
Mealnnotht 43 , 303^ 450 
Mr^ird^e/db^d. 342 
saiivd^ I4I 

Mcdkf^ ryhmtnt^ 342 

Mf^^apodkisM 355 

ri^fii-pcdpitnftf, 301 

MrJbiir/unv, 141 
MrliWd dflmlid; 195 
McliiJtja durinid, III 
ACrlfii'ATdp 548 
Meh^ha 219^ l7i 

54S 

hftTEtwix, 520 
Affliflfjii. 2S3 
Merhn. iKo. 282 

Mttfips aptd^lfF, ;i 11 
Mrrifmia, 441 
Mrsia dT]^en|d|irij:, 2 13 
AfcAUdiimtp 505 

Mouzoa, iiLUfubcr ortpccKi, j 4 i 

Me iriditm jrni/r. t DO 

AfiVrartiT. 32* 172. J74. 396^ 314 

MCpvIhj^ 105.^ 212 

jVfiizoAij iin*a!is, 105, 20J 

Milkwort, 436 

Millet, 339 IK 

Afun^dr, 142 

Mioivet^ 289 
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Mntlctoc^ 259, 30s 
Mites* itkdi^gc, lOO 
icx-dctcmiination in* 149 
Moc 3 cing 4 )irdi^ 242 
Mole^ 4^1, 490 
numipial, 492 
MaliiMisja fimmw, 

MotUffdSM iaiipintiity 
Mtfififnhia iphinttpi, 3I6 

MoUiuctiidnp Tiumber of xpecki, 168 
MqUuks, nuETiber of ipcdn, 
Moukjey^ ColobuK M7 
Moru, 247 

Modkcysp hybridizitLon in# 233 
Mosquiioa. tvxs in, 317 
MoCodUd, 176^ 179 
Motfap 9j» 106^ 130 
codling, 473 

tmt^pCp &3 

gipiy, 191, 43Z 

MOuEoiir S4^ 

Mouse^ 76, 118 
luirlcs, 7t 
tou^p [870. 

Iiouic, Fatrroe,. [95 
plf ioaopiun, 6 i 
Mouse-deer^ [S3 

Muriia flaviprymnj^ 4JJ 
Meu fatroeruis^ [93 
A#iis iiiiwh(mj» 118^ 187 n. 

aihkoUU, 384 
hyp^niid^ 384 
Mitssdj, 431 
Afwnrfd, 255 
Mufttkt trminau^ 281 
Mussela nwelis, 18 [ 

2S1 

Myrupods, mimber of i|ied£s^ tdS 
AfyridrrW, 3 [D 
Mynwtpphd^a, 337 
Myrmecopbigidse, 337 
Af/rmiVd mhra, 333 
Myxobaeteria, 3 2® 

MyxosporkLb, 300 

MdTcbsi, 336 
Nastuitiumt 7* 

Niisutiiermcs^mYattae:^ |i 3 
fVduhTtrf^ 105 
NfififnVx 301 

^^rmd^^lLr fasdcius, 298 
I^TrpAredri^m jpfnn/ejuiifi, I J, [98 
Nfpkrckpit^ 33, 


NtSKh^n Mm^ktiuis^ 4ii 
cfPYifp 33 B 
^J>ure^r^ll, xl$ 

3301L 

MfE^NlrM ififlutfl, 144 
MoidjiKd 344 

341 

MVfirldibi 3.44 

l^iOigidef^U 34 J 
MfdtidHd tm^tivdkm, 344 
Mcvn'ffui pdnioi/dfd, 344 
M^h'dftd rwjrire^ 344 
MffiildNd svdyidkns, 344 
Nicpn'oia 344 

Nkoiima ta^aamt, 14$, 344 
NicdfiAM ispimfpitf, 344 

NtioitaAM higcn^phYUs, 345 
Nii^EingalCp 24^, 234, 238* jojp 306 
northern, Z46 
4i3f 41^ 

Nocbarconae, 315 

HI 

Nkdfiaga oiryefwfef, 114 

^^mrrviiu 2S1 

Suffsmhis ph^^QpHS, 281 
Niucraeker^ ill. tl4 
Nuilutcb, 31 p 
NyOrd ixyc£«tf* [14 

jVyriibiiif jfiHiUf, 4lti 
NyrxdfitiignUi, 239 

Oik, 274 
Oak-eggar, 293 
Ocelotr38i 
Qv^rdJtrliiU 19^ 

Ooupnlhr iw^peiw# tpt 

Dendj dtryjotf p 463 
Onb»lilimrp 9U137^ *3°^ 3^9. 5*5 

Oamtherd Ao^feen. 91 
Orwl^d fdmorckiAui, 189 

Ql^^odaacti, 333 
Qpliiys apififd^ 477 
O^erdlid e 9S 

O^Mirittid fflirunuutfd, 120 
C^orwnk philadcfp^t 180 
QpOivmii idlmei, 1801 
Opossum, Tismanun bni^, 31t 
30 ^ 

ppufrAe* 300 

Orchkl^449, 4^ 

Orrotrd^i^s cfermfeeMR, 

Or^e, Balcunoie^ 303 

Orycifi juskmir* 

O^rcy, lia 
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Oat^tHkniu, 5 to 
C^nfrrrf. JI5 n., S>7 
t>stTifh, 476 

f )fijf fiir^i, 4 ;:j^ 

(>ti 2 r!^ rin^, i 66 , 

Owl, loj, 106 
Snowy, 114 
J 04 t 

0?[itp, 274 


505 

Pdr/F7fi/nEr4, 50$ 

/Vmiltf, lpc^datiQO in, jSr 
l'311ir-T<M.4, ]tt9 
If'aLu.-Diiurkbc, 542 
PAlconuculds^ 158 
PalniiJMC, 45S 
Pdtiik 455 

jmfrwifi, 313 
Fanda. caniinon, 427 
gbnt, 427 

Pj^hvi 2^1 

Pnuy^ field* 517 

P^^ifw dvdarms, 123, 150, i^n, 217 
^ 13 

Pd^w nwduerp, 176,11$, 27S 
fivnuriifi, 917 
petyta^^, iol, 513 
Pipiliuiiidac, £62 

PjrjdiiUi, Uirds of, 240, 425, 424 427 

FuadvckUc, 340i,4ui5fi[ 

iWMeoufri, K4 

Pvwyj, 4t$7, 4^1t 

Pdrutfetroi^r/fj^f, 300 

PdrAtrffbe fexams^ 473 

/Vfru/d, 20a, 132 

Pwuk fIdTA, 233 

Piiftiila mirahilii, jjj 

l^ormLf ajj. 

PdrfhLr jufurdifij, 233 
Pdnw, 176 

P^jr dto', atft, 24 ^, 2£d, loa^ 309 
I^ImJ 1 Bo, 170, alto 

Pfirvj fdTd^tivninV, I So 

Pams ttitfstfui^, aOtf 
Pmus 243 P .^5. 3’osj 

Pdou it^T* 172 
I'Wwjpd^dflfu, 27a 

PjEff dwHTjJNVj, 94 iL^ 3yS, ^79^ 

JSfl 

IWbit ij 6 

P^m 271J 

P40crr//tf* 2M, 235 


Pd^fiTi7/d //iA'rf, IM:!, ipit, 238 
PiUMTrUa ttitfulmtu 238 
mrh^M, ajJt 
Pjfi Wrf* jfE^ 

Pdi'd frtmauts^ 427 
Pejrprk, 3 ft, 42ft, 427 
11^, 305 

aio 

rolaratkm In, 51H 

Peony, 3*** 

PcrunclidiCi 423 
Pendj, 158 
PtregTinc, i»o, 2^2 
28y 

Pfrhphthalnms^ 553 
pFfisarrus iBu 

Berixrtms iBo 

Periwinkle, 122 
461 

Penmysms, $4^ vft ti., 115, 17ft, 181, 

]88, 180, 15KI, *03^ 206, 213, 

114* 220p 235. W. W. ^3ai 
4J+. 4*1, 479 

JVrdmyjntf ncvtivriKnnh, 225 

Amnyjpa HWttrfMkfuj* tM, TS9, 217 
PrrwnysiHS pptwfvtuf, 186, loK, lio. 
211 

Pctceip fulimr, loft, 117. 445 
ntrt;ffiy20ri* 2K1 
PffosiXti^ftus riirternit* 2S3 
PkAw/wf, ri$ 

Mdjrelwf J43 

PAdieft(uf 343 

P hadinidi e, see i^iuami 
Pboriiwj 1 ^ 

Phasimms vcntc^he^ 180 

Fhcu2ii.t(t], t4ft II., 352, 394, 425. 42*# 

W. 521 

Argot, 427 
I5ulwer*s, 415 
Inipcyan^ ftO 
Japiicse. itto 
i-aily Aiiiliene, ftft 
jiiviT* 124 

ijMunu ivkmnu, 266. 445 
PhfH-njfunM pWFiifvnit, 3*6 
P^y!htrefpw^ 176 

Phfihsioyns fuJlyfrilu, 378, 280, J06 
PhyttoSfi^HiS pltitnheitmoijj, I45 
Pkyihiseapm sibtkirix, 289 
Pffy!tas( 0 fiUMttmhifm, 178, 28p, 309,424 
Phyfhse^ims vttitkimi^, M% 

Phyiisdfria, 54K 
Pftyti*pfHhfiFa itt/Mjas, lyK 
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Pidd^Aep 111 
Pimi, 

Piat$ £MU£ 215 

Pieridae^ j6j 
K g. X» 9 . 4 ^i. 343 
Pignoi, 4SD, 496 
Pipe, ScoOv 43^ 

Amu, 124 
Aw jyivtsiris, 438 
Pipit, i9o 

madow, ifid, 279, 289^ 306 
rodt, add* 27a* 27I 
tiw, 289, 3od 
PchiopMi, 540 
l^iiAXJTrav, ap9i 5^5 
Plinaxiaju, fele<c^ lai 
107 
441 

PlMtagff mofitimd, 177^ ao7h W. 275^ 

377 

Haiatam, 107, 44J 

Flaniif eoxopk; di^reigenee bi, 273 
aabfpetkticfi in, 177 
PlafiO ind anirtijlt, di^emiOc m genetic 

lyitcinj, ij5 
PkpncdiuMt 319 
Pldfj^pgedbv, 66 
PiittypofdlMij macuUOMS, IQO 
P^iamid, 219 
bybridiatioQ 253 
Platymnuiaet 542 
Piaty^m, 326 
Platouiurb, 503 

mai£ia, 443 
Psfl d/piiu, 275 
Poleat, Cape, 548 
Wxjdti aUirt^ 43B 

commo-sliHan, 445 
544 

Ponwfd, 222 
Pomoidcac. 350 
304 

»[uiLf, 30a 
Pwpobea, 4B9 
Potato, 33d 

AtfnriWrt. 337, 347, 441 
roicntilh ermlta^ 347 
rW!uu, 347 
cTditllzii, 347 
^d^fmdonwilari, J47 

P^ainc diidLed^ 201, 426 
377 

Pnckly pear, 300 


Pnitmet, 400, 513, 5x8, 526 
evoliiEioo of^ 39d 
Ptimme, 33, 222, 174, 313 
evening, 91, iBo, 33& 

PtUmS&y 53, id8 
Primita rWer, 274 
Atmu/tf jTtfrzAiin^d, S7« 142. 340 
Aw/d Jkuwkju, 87. 14s. 142, 144, 
J40 h 347 

PiimiUt Jiitmjii, 64^ 107, 189 
AfM^d iwij, 27s 

I7, 142, 340 

AiWld ir]d^|dfu, 222, 274, 311 
Frolwddca, jis 
PtotOHtt,84, 132, 135 
PnuMS jpibojdp 33ti 
Psrflodr/, 497 
AyfXtf ffuiiV 296 

Piamiigaa, ill, xpd, 266, 271, 27^ 

Ptmdmm d^i/inuin, 517 

Ftcxidopliyia, 133 

Pieit>42i^ 44d 

AwMuf, 30X 

Aotmid jfTjfttmu'p 307 

Puf&i, iia 

Pvgmus griimSf 286 

Pstffmst! eniMihiifiiix, 284 

P^ibd^rJild, 223 

Py^dV 141 

mndtorru, 76 
curfula^ 76 

P)^ltH24pyrirbuldp 247» a8i 
pyrrbdd ffoJrfndp 317 

Quagf2,2[8 
QiHtiw rofeur, 274 

274 

Qw^dlkSp 251 

Rai»bi^. i 9 Sp Jit. 533 
tUmaUyan, d4* 54^ 
ittowihoc, 111 
Radiah, 347 

EUdiitir<abfcage hybrid, 141, J47 
Elail, ckpper* 27J 
king, a7J 

Ridfuf 273 
Reikis tongki?stfii, 273 

Rjmvfi^u 197 

Pou tiodenfa, 285 
Rflijijfer man^, 12i, 273 
Rmwmihit, J39 n- 
AfBUfiadubiJ d^iVw, Z99 
EjmvuMhiS aiieghmiest^ 199 
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RMamcuhisfiiana^ no 
Rd»Mf« 4 j/ 4 ij pmrijlonijy 446 
Ri^jA^uIrrduxcd, 141^ 347 
347 

lUi, 54* iiB* 20it 356 
1^6 

blown, 356 

of Enining lOp 459 
bwdcd, 65, 70 
pldficropBrn* 

Ritcl, ^48 

Ratde$^rp 308* 337 
Rjffux (^fdfE«B7J) (Wid^ 357 

Rd££uj jU]rvi;|uii¥p ijd 

R^rntJ fnUuj, 336 
River, 3^3 
Redpoll, 3T3, 39Q 
Redyuok, 403 
Redstan, blick. 366, 443 
conunoR, 3 ^ 

RrjwliM 29a 

rtgutus, 194, 390 
Roodm, 131 

Rmik^ Mc$DXoic, wUptivt iwliition 
ot 493 

Rhabdococb, 1J4 
Rfuc^pfvrvs idticgflii, 283 
pomattellc^ 396 

Rkti, 476 

RhincKCTOv 485, 498, jj j o, 

JOuptdktfd h'AJijvftyrur^, 103 
RliododcndroTi [3], 371 . 393 
i 4 a> ^1° 

RAjwtf aJjpia>/d, 198 
RJbwAojp«»'d e^ittlUlHy ^8R n. 

RSbcj, 145, 348 
Rke-gn»p 4^1 
Riflc-bifdp 435 
Rifurii ripma, 279 
Kobinp 343, jofip 309, 310 
American, 290, 310 
Rodentv 490. 54 ® 
coat-colour, 511 
RoedErtp 443 
RoUct, 444 
bybridization in, 2^ 

Rflid. 147, 35? 

hybridirafnt. tn, 353 
Raid rdninf, 5 S3 
Rok, 3^, 351*519 
Rodferv 84 

sex-dctcrnuiutiQn in, [49 


Kulnif, 147* 334. J 5 i 
hybridirarirm in, 35s 
Rudd, 469 

Ruf't j6, 102, 289, 427 
446 

Rjonrx 137 

Riuhca, 588 n. 

RUiOp 304 ^ 508 


6d£fHfipu; 485, 558 
5 qffflrtid, JE] 

aJcdf, 47] 

Salamander, 3151 458 
SalkaMEp 4S5 
Sdl^emifi dudrfTnd/dfd, 276 
ilbfiVilfaifir^yAp 376 
Sdlumiu padflima, 176 
Saikffmh bnidCf dp 27^ 
Sdliomt^d rdmdJUdimd, 276 
S^ix. 303, 345 . J 5 l. 355 

SaldiOi^ 315 
5 d/(iifar, 199 
Sd/n'/Miiip 177 
Sandpiper, 392, 311 
Svmptrs jcflitcTi 300 

Sdfyfw SEj 

Sawfly, 302 

SdinrdU fuixira, 290, 307 

SdxEfdEi isrqutiU^ 290 
Seale, black, 471 
acikoUt 471 
led, 299^ 47t 

^erdiniiif cry^dpAiddJ'mMi, 469 
Sfiard, 148 

aincfiDidJu, 439' 

Scif/d imid, 439 
Sdioua vu^d^, 184 
dimorphiim , 98 
Sea-docmonc, lOf’ .313 
Sea-cimpion, 198 
Sca^owa, 49 ^* 

Sea-clepbaiiE3, 4B4 
Sea-lavender, 2715 
Scirlioru, 49c 
ScHfquUt, 558 
Sca-CEoiiE^ 17S 
Sca-urebin^ 32, 514, 549 
Scab, 490 
Senik, 359 n. 

SrdtfniM pidtre^/drcnw, |55 

SmfPd, 177. 232, 335 
SnuTii? dnffprrlnj, 447 
Srpit 416 
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Serin finch, 444 
Srrimii Caimiui, 3 d£, 444 
ServicMTtt^ 198 
Shciirwaecr, iM 
Sheepp S2p 1^,271, 341 
hornless, 76 
boLtion iop 
Sbclduck^ 33^^ 

ShrcTW, z8i 

Slirikefsip 152, 19^3^225^ 33a, 415 
hybcidizibiOio in. 232 
Sicl^bUk, iBjt 134 
SiJ!mep 274 

^'lenc dliaia^ 145, 336 
5iiinie Huririmdp 198, 366, 26^ 

Sfl'ibie 266, 36$ 

Silkwonn. jj 
Sircniip 305 
^arenf, 429^ 

Siftd 219 
Sdtutungi amtelDpe, 236 
Skua, loj 
Skunks, 548 
Skybik^ 306. 416 
Sloihs, 49a 

^[>1- 

wkcp 54D 

Snake, gaiuTp 291 

Snapdrs^n, 33 
Snipe, 240. 516 
Se/Aifen d^ifwr, 198 
•Sakmm fiuka/naf a^ 377 
I'd/hs-mexiri^ 336 

H^Dkird^fria. 141 

198 

Some dfarmf^, a8i 

iniViiibij:, iBi 

Sof^tium pufpum~smauttff 339 n. 
•^'dddr, 2B1 
377 

Sparrow, 255lS, 33ft n., 37I, 44^ 

fox, J82p 193, 196, 217, 220p 223^ 
33K 

buuK-p 94 n., 236p 179, 448* 5(9. 5ai 
kiiuroln, 23 B 
«iig. 219, 23B, 27a 

trwp 271J 

SpajTow-JiJM'k, [06, 2B2 
dimji/inrid, 341 

Sp^tifui tou^iuflidj'i, 146, 341, 3B4, 451 

SptcdwcU^ 2^ 

Spider, red, joo 
Spiltuofftd mat4ka, f 06 
^pwigicv tunsibef nf specks, 198 


Sprossetp 246, 254, 288 
S^ukid, io5» i&if 192, 193, 327, 488 
rod, dimorphain, 98 
Seirfi^p 187 n-p 424 
Sexrgoccphalia. 505 
ScegcAain, 485 
Si^liofia Hudia^ 517 
SiifnA, 379 

Sdck-kdecti, !oa, 303 n., 439 
Stoat, 281 
ScDtk, 189 
Stockdove^ 3.10 
Stoncchit, 29a 
Sifruikw, 47 tS 
Srumtlldp 251 
SfiiT?iiii mlgOFis, 187 n. 

Swallow, 279, 311. 424 
Swallowtail, stt ByttcE^y^ iwnllDwrail 
17^ 

drnV^i^^„ 30^ 

Sylvia 306 

Sylvk oflTvm, 270, 306 
Sylviifucp 307 
Synagrii larmtiat 321 
Synentc^piatlii, 158 
Synadontii hatrnm^, 415 
^yrpAui, 323 


Tdcfeyfref^ 185 
Todb^ Idinru, 239 
Td^eniud^ 537 
Tapeworm, 538 

TardUtdfUin, riO, 137,147. (0^. 575.477 

Tarweeds^ 276 
Teal, 238 
Tdeowj, 544 

Tenniies, 312, 482, 491, 554 

Tcrro, 279 

*rttriiti fehM^ opfuf/iar, 300 
77MMvf0^j'dp 242 
Thomaephis ariinoidt h 291 
Utertf ji^iper^, 1S5 
Thiaiherp 421, 431 
Tbrmb, 9ong, 290, 306 
wauer* J35 
Thrushn, 290 
Thyme, 198 
lltymm JAp/JlHifi, 198 
Thyianopten, M'-detetmiiudron in^ 

MSI 

Tit, 17 <^ 

cole, 218, 269^ 280.190. 3<30 

crested, 2^, 270 




6 j 6 


evolution: TUE MODETtN STNTIIf^SlS 


Til (riNi£iifiu'[f) 
prat, 243, 

iDug-ujkd, 147, 2J4, iBo 
marsh, 270, 1^9, 
viiUow, ^7^. aJttjp ajflo 
Ticitvochtrcs, J7i, 48S, 491* 3<^- 

S0«. jrj. 534 
TilitiQiiiL'Tn, 307 

Tend, fiic-bvllkd, 24A 
Tiudiv 153 
Tohactxtp 111, J5DI1. 

pi7;KlapC»ticHi iii^ 

Toiiulocip 537 

TTfonui 311 

"J cMtoJXomd, 42Zp, 452 

Trd^jr4Mf^4r, 33!, 375 

T/^E^uj ipeiciiu 

Tra^lm, 1I3 

Tra^treeper, 245, ^K4p jolt 
-tridurc, 29I 
-Irog, zli, 29^ 

4icadip 231 

Tnc/H^diHund, 311 

TrurhdiiiLHiiff 314, 3jd 
TfUhosttfus^vuiixaiiii, IP4, 203 
i’lidaou, 429 
TiilabiEjea^ 50^, 560 
TrimcrrajpCf, 353 
7>ii^ii li^drui^p 403 
Trificwn jprltd; 332 

IWliAfjn l£iiid|?lt^ri, 343 
Tnlioittf ]45i 313 

j8i^ 213 

215 

Tr^adyiifA ir^hdy^a, 212 

f. hir^nm, 160, 176, l-op 
I. ^nlmdum, 176^ 309 
Tnk|{0!m, 4 jA 
Ttuui^ i7Kt 31^ 

'J fwiTdfrWifla bfUrnnka, 

Trwtcaiineita nV^TAM, 197 
7r}7wxj^lm, 3£l 
7Wi>dp 143, 37« 
spccbrUkik ill, 371 
Tuli[H, 33<i» 51^ 

YVnitiPifjfJji pjrani. 177 
Turdtn^ 290 
't'urdui nfifclofstnt, % 0 & 

'/ufdliu Hf'HifEi, 266, 290, jcdp 399 

TurAej^ iiiri(fdrfVjf4iJp I9(j, 3]^ 

7lfnhif p/ii7r»iiH-luj, 290 
'i iin^ larqut^ivs, 29a 

T witL', 


T^lniirliuj 31OQ 

^idii, 2Ui, 416 
Typothcro, 491 

541 

t/iiHtfi, 227 
Ungiilatn, 490 
Uredincac, 3DJ 

Ohi I 93 p i^c 


lYfiiwfifta, 413 
V^mtPora^ 251, 254 
Vmmifs^ aKo, 393 
t^rrHu'i^ hybridiX, 269 

VcrtcbralL'a, number i>ridl 
VciL-h* kidney, 356, 441 
KiV^d; lo^t, 109, 353 

33 <i, 349 

517 

Viper** 107 

Virtue^ 131 
Kijnim album,. 30! 

Vrl^ tahniK^a, 314 
Volff, S3, 10s, I il 
11 [ 

Vutpnjuha., 1031 Jits 

Fwiprt* iSS 


WafipO, lyf^, 179 
Walnut, 437 

Warbler, graxihnppeir^ jofi 
sed^-, luy, 534 
wiiJaw, 27X, 2)^9, 309, 424 
wood, 2lv 

Warbler*, Jlo, 145, 35 ip 307 
Wasp, diak'id, 299 
Watcr-bcia|ma|}, 4liK 
-fk'a, 1 IK 
-SluU, 23<a 

WaxbcIL, 278 
Wax-iiKMii, 303, 459 
Weasels, 255, 2K1 
Weedip 278 
Wbaks, 240, 489 
wliakbuiic, 493 

W^at, 3014, 34 S 
etnkpTi^, 345 
Whimbrel, 2M1 
Whiuehal, 290, 307 
While Admiral. 251* 
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Whrte-eyc, ^55, JTl 
Whiicftsli, 17® 

WhiEcthroat, 3o6> J07 
3 TO, Jo<S 

Willowi. 301. 343.131. 3SJ. 455 
Wolf, irj, 307. 540 
QurttipiiU 491 
WoocUincnioac, 477 
WpodioiacH 314 
Wood-iitcniK, 113 
WpcixIpcdLCr, 3 Jl> hP 4 
a>tanuoii iu, 31A 
downy, sSo 

tpocMd, iSa^ 443 
iuiry, 3 MO 
kscr ipoEwdi, iSo 
Wood^wup^ 419 

Wonnlf EUinibcE of xpcwf^ idS 

Wrow iiip oajp 115, 309, 4x4 
bk* 100 

St. Kiidip 160^ x 7)6< 309 
Shctkitd. 176, 309 


WryTKck, 415 


Xooinhn, 490 

441 

Xip/wpJwui« 66p roE 


Ycad.^ tii 

Vtllowbammcr, 306^ 309 


Zebra, 317 k 547 
Zfu^hdoa, 303 

vivi^&us, 113 

ZMOtricki^t fpcdaEkia iop 37 ® 
Z^mfftfukm c^pimiSf 316 a. 
ZoiteFOf ^^ 179,100, IJS 
Zi^stempt ieiU'jjdJAi^^ 271 
vims, 271 

Z)^*nd J^lipoi^Ek, 193 
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